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Bas Kolen
Certainty of uncertainty 
in evacuation for 
threat driven response
Principles of adaptive evacuation management 
for fl ood risk planning in the Netherlands
 Summary
Evacuation is a measure taken to potentially reduce the loss of life and damage to 
movable goods. Evacuation is part of a portfolio of measures in a multilateral safety 
system that can contribute to an acceptable level of risk. Evacuation has benefi ts but 
can be costly. Therefore, the decision to call for an evacuation due to the threat of 
fl ooding results in a crisis, by defi nition, but can prevent a worse crisis in the case of 
an actual fl ood. This thesis focuses on effectiveness of different types of evacuation and 
how to address uncertainties.
This thesis focuses on the Netherlands as a representative urbanized delta and 
investment strategies in evacuation as a part of fl ood risk management. Evacuation in 
case of the threat of fl ooding requires an uncomplicated approach. This is because of 
the complexity of preparation for low-frequency, large-scale disasters such as fl ooding 
and because of the limited risk perception by the public, decision makers and crisis 
managers and the number of them which are involved. It is  shown that vertical 
evacuation or shelter in place is a better basic strategy for coping with a fl ood than 
preventive evacuation when the available time is limited.
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Samenvatting 
 
Vraagstelling van dit proefschrift: beste evacuatiestrategie bij overstromingen 
Als een overstroming dreigt of daadwerkelijk plaatsvindt, is evacueren een middel dat de 
gevolgen van een overstroming kan beperken. Evacueren gaat in beginsel om het verplaatsen 
van mensen, dieren en bezittingen naar locaties die gegeven de omstandigheden relatief veilig 
zijn. Evacuatie omvat het gehele proces van alerteren, waarschuwen, beslissen, voorbereiden, 
verplaatsen en tijdelijk huisvesten. Naast voordelen heeft evacueren ook nadelen. Met 
evacuatie is het aantal dodelijke slachtoffers bij een ramp zoals een overstroming te beperken 
(het primaire doel). Daarnaast kan evacuatie schade aan verplaatsbare goederen voorkomen 
mits deze op een veilige plek worden neergezet. Evacuatie kan echter ook kostbaar zijn, het 
kan economische en maatschappelijke schade en ook imagoschade veroorzaken voor de 
autoriteiten. Er is zelfs een kans op dodelijke slachtoffers door evacuatie. De evacuatie kan op 
zichzelf al een crisis voor de samenleving veroorzaken, doordat vitale functies tot stilstand 
komen. Kiezen voor evacuatie bij een dreigende overstroming is dan ook kiezen voor een 
zekere crisis (de evacuatie) om een onzekere ernstigere crisis (de overstroming) te 
voorkomen. 
 
Dit proefschrift richt zich op de effectiviteit van verschillende vormen van evacueren, zoals 
preventief en verticaal evacueren bij grootschalige overstromingen. Onderzocht is hoe de 
effectiviteit te bepalen en te vergroten is, of dit doelmatig en zinvol is, en hoe evacueren een 
bijdrage kan leveren aan het reduceren van het overstromingsrisico. Preparatie is hierbij 
gedefinieerd als het zo goed mogelijk inzetten van de beschikbare middelen bij een dreiging. 
Geprepareerd zijn, of “op orde” is wanneer de preparatie getoetst kan worden aan vooraf 
gestelde criteria. Evacueren wordt hierbij gezien als onderdeel van een 
(meerlaagsveiligheids)systeem, waarbij diverse maatregelen zijn in te zetten om een 
acceptabel risico na te streven. Onderzocht is of investeringen in evacuatie lonen, of het 
mogelijk is deze investeringen en rampenplannen te koppelen aan concrete resultaatseisen en 
wat het optimale moment voor een besluit tot evacuatie is. De nadruk ligt in dit proefschrift 
op grootschalige overstromingen van deltagebieden als gevolg van stormvloeden, orkanen of 
hoge waterstanden op de rivieren, waarbij het mogelijk is op basis van weers- en 
waterstandsverwachtingen maatregelen te treffen voordat de overstroming daadwerkelijk 
plaatsvindt. In dit proefschrift staat de onzekerheid bij dergelijke beslissingen centraal. 
 
Resultaten op hoofdlijnen 
Dit proefschrift gaat over investeringen in evacueren als onderdeel van overstromings-
risicobeheer. De conclusie op basis van kosten-batenanalyses is dat beperkt investeren in 
evacueren loont in aanvulling op preventie. Dat geldt zelfs voor goed beschermde delta’s met 
grote economische waarden, zoals Nederland. Deze investeringen zijn erop gericht om 
bestaande rampenorganisaties beter voor te bereiden op overstromingsrampen en efficiënter 
in te zetten. Beschikbare middelen en infrastructuur kunnen zo beter worden benut waardoor 
er minder slachtoffers vallen.  
 
Dit proefschrift toont de noodzaak van prestatie-eisen voor evacueren aan en de wijze waarop 
deze opgesteld kunnen worden. Als evacueren een structureel onderdeel vormt van een pakket 
aan maatregelen (als dijkversterking, bouwvoorschriften, rampenplannen trainen en oefenen 
etc.) gericht op het bereiken en behouden van een bepaald overstromingsrisico, is het 
noodzakelijk prestatie-eisen en ontwerpcriteria voor evacueren vast te stellen en regelmatig te 
toetsen of deze prestatie-eisen worden gehaald. Prestatie-eisen voor evacueren zijn nieuw.  
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De huidige eisen aan evacuatie zijn enkel gericht op procedures als het hebben van een 
rampenplan en het doen van trainingen en oefeningen. Daarmee blijft onduidelijk wat het 
effect van deze preparatie (van de overheid) is in termen van risico, voorkomen schade en 
slachtoffers. Ook blijft het onduidelijk wat verstaan wordt onder ‘rampenbeheersing op orde’. 
Evacuatiefracties, die het verwachte aantal mensen dat tijdig een veilige bestemming bereikt 
beschrijven, kunnen als prestatie-eis voor evacuatie en rampenbeheersing dienen.  
 
Dit proefschrift gaat over onzekerheid en de impact op de effectiviteit van evacuatie en hoe 
met deze inzichten om te gaan. Om de effectiviteit, rekening houdend met onzekerheid, te 
kunnen bepalen is aan de hand van een systeembeschrijving van evacueren het nieuwe 
probabilistische evacuatiemodel ´EvacuAid´ ontwikkeld. De effectiviteit van evacueren wordt 
uitgedrukt in het verwachte aantal slachtoffers of het verwachte aantal mensen dat de 
beoogde bestemming bereikt. Door de resultaten van EvacuAid te combineren met de 
beschikbare tijd, zijn evacuatiefracties te bepalen. Het proefschrift biedt handvatten om de 
crisisbesluitvorming te ondersteunen, om de structuur en informatiebehoefte vorm te geven 
en voor een adaptief modulair model voor evacuatieplanning. Het proefschrift biedt ook een 
methode om rationele besliscriteria voor evacueren op te stellen en te presenteren met 
evacuatiediagrammen ter ondersteuning aan beslissers.  
 
Dit proefschrift laat zien dat centralisatie (en versimpeling) van besluitvorming over evacuatie 
een (kosten) effectieve maatregel is om slachtoffers bij grootschalige gebeurtenissen als 
overstromingen te voorkomen. Centralisatie op basis van voorbereide bouwstenen is 
effectiever en kosten efficiënter dan investeren in: extra coördinatiemechanismen, meer 
capaciteiten van hulpverleners of meer capaciteit van verkeersinfrastructuur. Taken en 
verantwoordelijkheden zijn in het dagelijks leven verspreid over veel overheidsorganisaties op 
diverse niveaus. Het opperbevel is vaak belegd bij lokale overheden als gemeente of regionale 
overheden als veiligheidsregio’s. De niveaus hierboven hebben wel de bevoegdheid om te 
coördineren of te sturen maar dat kost veel tijd en gebeurt vaak te laat. In Nederland is bij 
overstromingen sprake van een organisatie met veel lagen en een groot aantal partijen en 
teams binnen deze partijen. Denk hierbij aan veiligheidsregio’s, waterschappen, 
Rijkswaterstaat, de hulpdienstorganisaties, de crisiscentra van departementen en de 
verschillende teams van nationale besluitvorming, denk ook aan interregionale regelingen. 
Hierbinnen is nog onderscheid op operationeel en beleidsniveau wat relevant is voor 
besluitvorming over evacuatie. Naarmate crisisorganisaties uit meer schijven bestaan en meer 
partijen betrokken zijn, is meer tijd nodig voor besluitvorming en neemt de kans op 
miscommunicatie en fouten toe. 
 
Centralisatie van de crisisorganisatie bij grootschalige gebeurtenissen, op basis van 
voorbereide bouwstenen voor evacuatie, vereenvoudigt en versnelt de besluitvorming omdat 
minder organisaties dan actief worden betrokken. Hiermee wordt de effectiviteit van 
evacueren vergroot omdat meer tijd beschikbaar is voor uitvoering. Centralisatie levert echter 
spanning op met de gedecentraliseerde besluitvorming in de dagelijkse praktijk, waarbij 
organisaties streven naar optimalisatie van de eigen rol. 
 
Uit het onderzoek blijkt dat verticaal evacueren of schuilen een betere strategie is om 
slachtoffers te voorkomen dan preventief evacueren als er mogelijk te weinig tijd beschikbaar 
is, desondanks ligt de focus van de voorbereiding onterecht op preventieve evacuatie waardoor 
mogelijk veel mensen tijdens de evacuatie worden getroffen en er extra slachtoffers zijn. Dit 
geldt voor Nederland maar ook voor veel andere delta’s in de wereld. Als risicoreductie voor 
slachtoffers het doel is dan laat dit onderzoek zien dat verticaal evacueren gecombineerd met 
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schuilen situaties met weinig voorspeltijd en weinig mogelijkheid om topstrategische besluiten 
te effectueren de meest effectieve strategie. Daarom is verticaal evacueren gecombineerd met 
schuilen, in tegenstelling tot preventief evacueren, de meest effectieve basisstrategie voor 
evacueren (plan A). Dit geldt zeker voor niet-zelfredzamen omdat preventief evacueren op 
zichzelf al extra slachtoffers zal veroorzaken. Pas als er voldoende tijd is kan (gedeeltelijk) 
preventief worden geëvacueerd (plan B), dit zal pas blijken na detectie en erkenning van de 
dreiging en kan worden geëffectueerd in de transitiefase. Er wordt hierbij gestreefd dat op het 
moment van de doorbraak (of eerder als de weersomstandigheden dat vereisen) iedere 
evacuee een veilige plek heeft bereikt. 
Het instellen van landelijk verkeersmanagement, zelfs bij verticaal evacueren, door de 
activering van evacuatieroutes is hierbij een geen-spijt-maatregel. Een deel van de mensen zal 
toch het gebied trachten te verlaten en de kans dat deze anderen in de weg staan neemt dan 
af. Daarnaast zijn de routes dan al ingesteld als na verdere planning blijkt dat bepaalde 
groepen mensen alsnog het gebied kunnen verlaten. Ook economisch gezien heeft verticaal 
evacueren een voordeel omdat de economie later wordt stilgelegd en als de overstroming niet 
optreedt, wat vaak het geval zal zijn, snel weer opgestart kan worden.  
Desondanks leggen de autoriteiten in de huidige plannen en oefeningen de nadruk op 
preventief evacueren naar een locatie buiten het bedreigde gebied. Hierbij wordt als 
uitgangspunt relatief gunstige (‘best case’) scenario’s gebruikt, waarbij de beoogde 
maatregelen werken en iedereen de gewenste rol naar behoren invult zoals beschreven in de 
plannen. De preparatie voor overstromingen richt zich dan in de huidige praktijk ook maar op 
een zeer beperkt aantal, en bezien vanuit de beschikbare tijd zeer gunstige gebeurtenissen, 
ten opzichte van het totaal aan mogelijke overstromingsgebeurtenissen die kunnen optreden. 
Dit terwijl bij andere meer realistische gebeurtenissen andere maatregelen effectiever zijn en 
de geplande maatregelen mogelijk niet of averechts werken. 
 
Leeswijzer 
In dit onderzoek zijn verschillende typen van evacueren gedefinieerd. Hierbij is onderscheid 
gemaakt in de bestemming van de evacuee, de interactie tussen enerzijds overheid en 
hulpdiensten anderzijds de evacuees en het moment waarop de evacuatie start ten opzichte 
van het (verwachte) moment van overstromen. Dit heeft geleid tot zes typen van evacueren 
die te combineren zijn tot verschillende evacuatiestrategieën: 
 Vóór blootstelling aan een ramp: (1) preventief evacueren uit het bedreigd gebied, (2) 
verticaal evacueren, (3) shelter in place (schuilen). Deze typen evacueren zijn 
toepasbaar bij gebeurtenissen waarvoor voorspellingen beschikbaar zijn (threat driven 
response); 
 Na blootstelling aan een ramp: (4) acuut evacueren, (5) redden en (6) vluchten. Deze 
typen evacueren zijn toepasbaar bij gebeurtenissen die plotseling optreden (event 
driven response). 
Een overstroming is een threat driven response, maar door onzekerheid over de dreiging en 
het moment waarop deze wordt herkend en erkend kan een overstroming een event driven 
response worden. 
 
Hieronder volgt een nadere toelichting op de vier onderdelen van dit proefschrift die daarna 
worden toegelicht: 
1. Evacuatiekader voor het beschrijven van de consequenties en de onzekerheden van 
evacueren; 
2. Besliscriteria voor evacueren; 
3. Adaptieve evacuatieplanning; 
4. Conclusies, aanbevelingen en een reflectie voor Nederland. 
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Kader voor evacuatie: omgaan met onzekerheid 
De onzekerheden rond overstromingen en evacueren en de beperkte ervaring door de lage 
frequentie van deze gebeurtenissen spelen een rol in zowel de planvorming over evacueren 
als de crisisbesluitvorming. Evacuaties zijn in dichtbevolkte deltagebieden omvangrijk en 
ingrijpend. De overheid kan evacuaties nauwelijks fysiek afdwingen, onder meer omdat het 
aantal evacuees veel groter is dan het aantal hulpverleners. Wel kan de overheid invloed 
uitoefenen door informatie te geven over de dreiging, de fysieke omgeving veranderen en 
symbolen inzetten om gedrag te beïnvloeden en bepaalde handelingen te stimuleren.  
In Nederland en veel andere delta’s in de wereld zijn overstromingen en evacuaties 
laagfrequente gebeurtenissen. In ‘het beste’ geval is er beperkte ervaring mee. Voor Nederland 
geldt dat de verwachte terugkeertijd van evacueren voor overstromingen groter is dan de duur 
van een mensenleven. In andere delta’s, zoals bij New Orleans, vinden evacuaties vaker 
plaats. In dat geval worden na iedere evacuatie maatregelen genomen en plannen verbeterd, 
en verandert ook de risicoperceptie. Maar in delta’s als bij New Orleans zijn de dreigingen 
divers, zoals blijkt uit de verschillende categorieën orkanen en de richting en snelheid 
waarmee deze zich verplaatsen. Hierdoor blijft de onzekerheid groot omdat er maar beperkt 
sprake is van een in de praktijk bewezen strategie. 
Ondanks afspraken over taken en verantwoordelijkheden blijkt uit evaluaties dat het onzeker 
is wie welke beslissingen neemt en in welke volgorde, of beslissingen worden uitgesteld en of 
beslissingen worden opgevolgd zoals verondersteld. 
 
Figuur a: De vier elementen voor het beschrijven 
van de effectiveit van evacueren 
Rampenplannen die uitgaan van een te 
beperkt of een enkel dreigingsscenario en 
een vaste planning van maatregelen en 
beslissingen (deterministische plannen) 
werken alleen als de werkelijkheid over–
eenkomt met deze veronderstellingen. Dat 
zal eerder toeval dan praktijk zijn. De 
geplande en bij oefeningen ingeslepen 
acties kunnen (zoals de focus op 
preventief evacueren bij veel tijd), als ze 
in andere omstandigheden worden 
genomen, minder effectief zijn of zelfs een 
averechts effect hebben. Andere strate-
gieën als verticaal evacueren kunnen dan 
leiden tot minder slachtoffers. Voor het 
omgaan met deze onzekerheden is in dit 
onderzoek een systeembeschrijving voor 
evacueren opgesteld.  
Deze systeembeschrijving beschrijft de consequenties van evacuatiebeslissingen aan de hand 
van vier elementen (zie figuur a). Door interacties tussen deze elementen en de onzekerheden 
expliciet mee te nemen wordt een probabilistische opzet van de evacuatieplanning en 
crisisbesluitvorming mogelijk (en dus een probabilistische opzet van crisisbeheersing). 
Hierdoor kunnen beslissers effectievere maatregelen selecteren. De vier elementen zijn: 
 
 Element 1: Dreiging en impact. Dit element beschrijft de beschikbare tijd tot de 
overstroming en de omvang en ontwikkeling van de overstroming. Door deze te 
combineren (inclusief de weersomstandigheden) kunnen dreiging en impact scenario’s 
worden opgesteld. In theorie zijn oneindig veel verschillende overstromingsscenario’s 
zijn mogelijk. Om deze onzekerheid hanteerbaar te maken voor crisisbeheersing, 
ruimtelijke inrichting en risicoanalyse, is een palet aan overstromingsscenario’s 
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ontwikkeld. Dit palet beschrijft klassen van mogelijke overstromingsscenario’s op basis 
van de kansverdeling van ‘omvang’ en ‘beschikbare tijd’. 
 
 Element 2: Beslissingen door de overheid. Het tweede element beschrijft de topstra-
tegische besluitvorming: het beslisproces van de overheid over het tijdstip en de wijze 
van evacueren (strategiekeuze en go/no-go besluit). Ook het niet maken van een keuze 
of uitstellen hiervan is een topstrategisch besluit. Om inzicht te krijgen in het 
beslisproces en de benodigde informatie hiervoor is een enquête uitgevoerd onder alle 
Nederlandse burgemeesters (n=430 personen met gemiddelde response op de vragen 
van 30%) en diverse Europese crisismanagers (n=100 personen met gemiddelde 
response van 50%). De resultaten van deze enquête zijn vergeleken met het 
beslisproces tijdens de nationale oefening Waterproef die in 2008 in Nederland heeft 
plaatsgevonden. Hieruit blijkt dat burgemeesters en crisismanagers hun besluiten bij 
voorkeur verantwoorden met informatie over de risico’s: de kans dat de ramp optreedt 
en de kosten en baten van evacueren. Naarmate hier minder informatie over 
beschikbaar is, worden andere factoren belangrijker (zoals de publieke perceptie en de 
media). Ook blijkt uit de enquête dat verschillende bestuurders zeer uiteenlopende 
beslissingen over evacueren nemen op basis van dezelfde feitelijke informatie.  
Na herkenning van een dreiging zal de aandacht voor evacueren met andere acute 
(beleids)problemen concurreren om dezelfde tijd en aandacht van beslissers. Met 
opleiding en training kan het omgaan met risico’s en onzekerheden worden verbeterd 
zodat het beslisproces verbeterd. In de praktijk is dit echter lastig, vanwege de lage 
frequentie van opleidingen, trainingen en oefeningen en de duur waarop een beslisser 
zijn positie vervult.  
De enquête toont ook aan dat het niet reëel is te verwachten dat beslissingen worden 
nageleefd. Zo geeft ongeveer een kwart van de gevraagde bestuurders aan dat ze hun 
eigen advies als burger niet zouden opvolgen. Het gevolg is dan ook dat de 
voorbereiding op evacueren moet anticiperen op verschillende beslissers en 
verschillende beslissingen. Dit kan door dit element van evacueren expliciet te 
beschouwen als onzekerheid. 
 
 Element 3: Omgeving en verkeersinfrastructuur. Het derde element beschrijft de fysieke 
omgeving waarbinnen de evacuatie wordt uitgevoerd. Hiervoor zijn evacuatiestrategieën 
onderzocht met verschillende combinaties van preventief evacueren, verticaal evacueren 
en schuilen op basis van een risicozonering op basis van de gevolgen van een 
overstroming en de kwetsbaarheid van mensen. Geconstateerd is dat de benodigde tijd 
voor evacueren sterk afhangt van de lokale gebiedskenmerken. Het effect van evacueren 
is te vergroten door de bestaande verkeersinfrastructuur maximaal te benutten, 
bijvoorbeeld door het verminderen van kruisend verkeer. De effectiviteit neemt toe als 
de maatregelen tijdig worden geïmplementeerd en worden aangekondigd, zodat deze 
bekend zijn bij de weggebruikers. Als keuzes voor maatregelen te laat worden genomen 
kunnen ze nauwelijks meer uitgevoerd worden door logistieke problemen, ze kunnen 
dan zelfs een tegengesteld effect hebben omdat ze tijdens de implementatie 
evacuatiestromen tegenhouden. 
Een deel van de bevolking zal zich niet conformeren aan de keuzes van de overheid. 
Het risico dat deze groep de evacuatie van anderen belemmert neemt af door 
verkeersmanagement op de evacuatieroutes. Zelfs bij een strategie gericht op verticale 
evacuatie of schuilen is het verstandig de verkeersinfrastructuur tijdens een dreiging zo 
in te richten dat er zo min mogelijk belemmeringen zijn om het gebied te verlaten via 
evacuatieroutes.  
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Het onderzoek toont aan dat door een geavanceerd verkeers- en communicatieplan te 
ontwikkelen de benodigde tijd voor evacuatie van West-Nederland kan afnemen van 
circa drie dagen tot circa twee dagen. De kans op succesvolle uitvoering is echter klein, 
vanwege de complexiteit en de geringe bekendheid en praktijkervaring bij 
hulpverleners, verkeersbegeleiders en evacuees. Voor laag frequente en grootschalige 
evacuaties is een eenvoudigere strategie gewenst waarbij de faalkans van maatregelen 
kleiner is. 
 
 Element 4: Beslissingen door burgers. Het vierde element beschrijft hoe burgers keuzes 
maken bij een dreiging. Dezelfde principes gelden ook voor operationele organisaties, 
zoals hulpdiensten en verkeerscentra die dagelijks operationele taken hebben en 
reageren op de omstandigheden. Burgers maken dagelijks zelfstandig beslissingen op 
basis van allerlei soorten informatie. Dat is ook het geval bij een overstromingsdreiging 
waarbij burgers en organisaties informatie genereren, verzamelen, interpreteren en 
verspreiden. Bij planvorming en crisisbesluitvorming kan er niet van worden uitgegaan 
dat burgers en organisaties zich volledig baseren op informatie van de overheid; ze 
gebruiken ook andere informatiebronnen om te bepalen of ze evacueren of niet. De 
keuzes die burgers en operationele organisaties maken komen veelal overeen met 
keuzes die ze gewend zijn. Voorbeelden zijn de keuzes over route en bestemming van 
burgers en de keuze over de taakopvatting van politie, brandweer, 
gezondheidspersoneel en verkeerbegeleiders. Het is voor de overheid mogelijk deze 
keuzes te beïnvloeden via de andere elementen van evacueren. Naarmate de 
aanbevolen keuze meer afwijkt van de bekende maatregelen zal de faalkans groter 
worden. In het onderzoek is een gevoeligheidsanalyse uitgevoerd om de effectiviteit van 
evacuatie bij ander gedrag in beeld te brengen.  
 
De systeembeschrijving voor evacueren laat zien dat de effectiviteit van evacuatie te vergroten 
is door tijdig, tijdens de transitiefase, maatregelen te treffen voordat de overstroming optreedt 
(zie figuur b). Een voorwaarde is dan wel dat tijdig informatie voorhanden is om over te 
beslissen, wat niet altijd het geval is. Figuur b laat ook zien het effect zien als top strategische 
besluiten te laat worden genomen doordat informatie te laat beschikbaar is of als het 
beslisproces zelf te lang duurt. De informatie is ook elders beschikbaar en burger, bedrijven en 
operationele diensten worden dan autonoom ook al keuzes gemaakt. De effectiviteit van top 
strategische beslissingen daalt sterk als deze te laat worden genomen. In geval van een 
plotselinge ramp (event driven response) is het effect van top strategische beslissingen op de 
korte termijn hulpverlening ook miniem omdat de lokaal betrokken al druk bezig zijn of ook 
getroffen zijn. Overigens zal ook de informatie om deze topstrategische beslissingen te nemen 
nauwelijks aanwezig zijn en mogelijk zal ook de waarheid betwist worden door anderen. 
 
Een mogelijke beslissing om te evacueren vereist herkenning en erkenning van de dreiging, 
zodat er bereidheid is om na te denken over maatregelen (fase 1 van het evacuatieproces). 
Hierna kunnen, tijdens de ‘transitiefase’ (fase 2), keuzes worden gemaakt en gerealiseerd 
zoals aanpassingen aan de infrastructuur (wegen en gebouwen), herallocatie van middelen en 
het al dan niet beïnvloeden van het gedrag van mensen. De 3e fase betreft de uitvoering van 
de evacuatie zelf. Tijdens de transitiefase worden topstrategische keuzes over evacueren 
genomen, zoals over de evacuatiestrategie en het tijdstip. Burgers en hulpdiensten en 
verkeercentra zullen echter ook zelfstandig maatregelen treffen. Dit is een van de redenen 
waardoor de effectiviteit van te laat genomen topstrategische besluiten zal afnemen. Gekozen 
aanpassingen van de fysieke omgeving bepalen de randvoorwaarden voor uitvoering van 
latere maatregelen als de evacuatie op gang komt. 
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De maatschappij is met deze maatregelen dan ingesteld in een evacuatiemodus, gericht op 
vermindering van slachtoffers en schade bij een overstroming. Randvoorwaarden voor 
uitvoering van deze drie evacuatiefasen worden gecreëerd in de ‘planning- en ontwerpfase’, 
voorafgaand aan een eventuele dreiging (fase 0). 
 
 
Figuur b: Transitiefase en effectiviteit topstrategische besluiten 
Besliscriteria voor evacueren 
Dit onderzoek heeft twee modellen opgeleverd voor de ondersteuning van beslissingen over: 
1. investeringen in evacueren als onderdeel van een risicobenadering in een 
meerlaagsveiligheidssysteem (tijdens fase 0 in figuur b); 
2. wanneer en hoe te evacueren bij een dreigende overstroming (tijdens fase 1 en 2 in 
figuur b). 
 
Keuzes over investeringen in evacueren als onderdeel van een risicobenadering in een 
meerlaagsveiligheidssysteem. 
Aan de basis van een meerlaagsveiligheidssysteem ligt een keuze over het risico dat 
acceptabel wordt geacht (inclusief slachtoffers). Vervolgens zijn maatregelen te selecteren om 
aan dit acceptabele risico te voldoen en om dit te behouden. Door te investeren in evacueren 
(bijvoorbeeld de organisatie van evacueren, benodigde middelen en hulpverleners of de 
capaciteit van wegen) zullen de gevolgen van overstromingen en daarmee het 
overstromingsrisico kleiner worden, omdat het aantal slachtoffers daalt en mogelijk enige 
schade wordt voorkomen. De vraag is wat de meest efficiënte en effectieve investering is om 
dit acceptabele risico te bereiken en te behouden, zeker omdat in de praktijk budgetten 
beperkt zijn. Investeringen in evacuatie zullen dan ook concurreren met andere maatregelen 
in het meerlaagsveiligheidssysteem, zoals dijkversterking of aangepast bouwen.  
Voor dit onderzoek is een risicomodel ontwikkeld dat minimalisatie van de totale kosten 
(risicokosten inclusief slachtoffers en investeringskosten) voor waterveiligheid als 
uitgangspunt heeft in een meerlaagsveiligheidssysteem. Dit levert een mix van maatregelen 
op: maatregelen om overstromingen te voorkomen en fysieke en organisatorische maatregelen 
om de gevolgen te beperken. Het model is ook te gebruiken om tot een optimale mix van alle 
gevolgbeperkende maatregelen te komen, uitgaande van een bepaalde overstromingskans.  
De optimale mix voor gebieden met hoge economische waarden, zoals de dijkring Centraal 
Holland, bestaat voor meer dan 99% van het totale budget uit maatregelen die de 
overstromingskans verlagen. Minder dan 1% van het budget wordt toegekend aan het 
effectiever inzetten van al aanwezige organisaties, middelen en infrastructuur tijdens 
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evacuatie. Met de geringe investeringen in de organisatie van evacueren worden enkele 
slachtoffers extra voorkomen. Investeringen in aangepast bouwen of bredere wegen zijn 
vanwege de kosten economisch niet aantrekkelijk voor de Nederlandse dijkringen ondanks de 
reductie van de gevolgen bij een overstroming. Bij gebieden met lage economische waarde 
(bijvoorbeeld een landbouwgebied of een buitendijks gebied) worden gevolgbeperkende 
maatregelen aantrekkelijker in een mix met preventie en de organisatie van 
rampenbeheersing. 
In de maatschappelijke discussie over al dan niet investeren in een mix van maatregelen 
spelen ook andere factoren een rol dan kosten en baten. Gezien de geringe bijdrage van 
evacueren in het risicomodel aan de optimale mix van maatregelen en de activiteiten die 
hiervoor nodig zijn, kan discussie ontstaan over de noodzaak om hierin te investeren. Een 
belangrijke reden om wel te investeren is het feit dat de overheid daarmee de 
verantwoordelijkheid kan nemen om ten tijde van een crisis gevolgbeperkende maatregelen te 
treffen, en de effectiviteit hiervan kent. Uit de enquête blijkt dat de beslissers die 
verantwoordelijkheid ook voelen. 
 
De conclusie is dan ook dat in een land van delta’s met een hoog beschermingsniveau en 
hoge economische waarde, zoals Nederland, beperkte investeringen in de organisatie van 
evacueren om overstromingsrisico te reduceren verantwoord zijn op basis van de 
risicobenadering. Om de vereiste effectiviteit van evacueren te borgen is het wel noodzakelijk 
resultaatseisen te stellen en deze frequent te toetsen.  
 
Wanneer evacueren bij een dreigende overstroming. 
Dit onderzoek heeft een op risico gebaseerd beslismodel opgeleverd om bij een dreigende 
overstroming te beslissen over al dan niet evacueren op rationele gronden. Met het model kan 
bepaald worden of de kosten opwegen tegen de mogelijke baten.  
 
Figuur c: Evacuatiediagram (‘Evacuation isograp’) 
Hierbij wordt gekeken naar 1) de 
minimale overstromingskans gegeven 
een verwachting van hoogwater (aan–
geduid als conditionele overstromings–
kans), 2) het aantal slachtoffers en 
schade dat in de beschikbare tijd te 
voorkomen is door evacuatie en 3) de 
schade en slachtoffers veroorzaakt door 
evacuatie. Hoe minder tijd beschikbaar is 
voor evacueren en hoe minder 
slachtoffers te voorkomen zijn, des te 
hoger is de minimale conditionele kans 
op een overstroming voor een eco–
nomisch optimaal besluit tot evacuatie. 
De resultaten van het risico model zijn te 
presenteren in een evacuatiediagram 
(figuur c). 
Bij het besluit over evacueren spelen ook andere, niet rationele, overwegingen een rol die niet 
in dit model zijn verwerkt. De evacuatie-isolijn geeft de minimale conditionele overstro-
mingskans aan, de oranje zone is een bandbreedte vanwege onzekerheid. Als de combinatie 
van overstromingskans en het aantal te voorkomen slachtoffers in het rode vlak valt, zal op 
basis van een economische redenering de keuze op evacueren vallen.  
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Het groene vlak geeft aan dat evacuatie niet economisch effectief is.  In het model kan een 
toeslag voor risicoaversie worden opgenomen (wat ook rationeel is als het consequent 
gebeurt). Evacuatie zal in de regel vaker voorkomen dan een overstroming. De kosten voor 
evacueren worden bepaald door de economische ontwrichting en het aantal slachtoffers door 
de evacuatie. Ook het aantal mensen en middelen dat wordt ingezet bij evacuatie is een 
kostenpost, deze is van belang omdat de frequentie van besluitvorming, evacuatie en een 
overstroming steeds verder afneemt.  
 
Centralisatie van de topstrategische besluitvorming over evacuatie vergroot de effectiviteit van 
evacueren. Een versimpeling van de crisisorganisatie verkleint ook de kans op falen van deze 
organisatie. Vanwege de kosten voor besluitvorming is het aantrekkelijk het proces van 
topstrategische besluitvorming te versimpelen zodat minder mensen nodig zijn. Een tweede 
argument voor deze versimpeling is dat de tijd voor besluitvorming daardoor korter kan 
worden. Naarmate meer tijd nodig is voor besluitvorming, vanwege veel overleg en het 
vergaren en interpreteren van informatie, dalen de verwachte baten van evacueren. Als 
minder tijd nodig is voor beslissen wordt evacueren in een eerder stadium economisch 
rendabel, zodat meer tijd beschikbaar is voor evacuatie en meer slachtoffers te voorkomen 
zijn. Een simpelere crisisorganisatie is een structuur waarbij door middel van voorbereide 
bouwstenen, die de mogelijkheden en consequenties beschrijven van lokale en regionale 
hulpdiensten, centraal keuzes kunnen worden gemaakt. Deze bouwstenen beschrijven per 
gebied de effectiviteit van evacueren als functie van de tijd. De hulpdiensten (of 
overkoepelende organisaties als veiligheidsregio’s) en waterschappen zijn dan vooral gericht 
op de uitvoering van de centraal gekozen strategie. Centralisatie is echter het 
tegenovergestelde van de huidige praktijk waarbij iedere organisatie taken en 
verantwoordelijkheden afzonderlijk optimaliseert voor hun eigen optreden. 
 
De uitkomsten van het beslismodel voor Nederland zijn vergeleken met de besluitvorming 
tijdens de Nederlandse oefening Waterproef. De oefening Waterproef illustreert het belang van 
evenwichtige informatie over zowel kosten als baten en een goede duiding van deze 
informatie door experts. Tijdens Waterproef lag de focus op de baten van evacueren. De 
inschatting en duiding van de kosten van evacueren en de hoe om te gaan met de 
overstromingskans werd overgelaten aan de beslissers. Toepassen van het beslismodel laat 
zien dat door de beslissers hierdoor veel minder waarde aan een mensenleven is toegekend 
dan gebruikelijk is bij risicoanalyses voor waterveiligheid. De verwachting was juist, dat 
vanwege risicoaversie, meer waarde zou worden toegekend aan het voorkomen van 
slachtoffers.  
Het is dan ook de vraag of Nederland door oefeningen als Waterproef beter voorbereid is op 
evacueren. Als het aangeleerde beslisproces uit de oefening in de praktijk wordt gebracht bij 
andere minder gunstige maar realistischere gebeurtenissen, dan kunnen aangeleerde 
vaardigheden niet of averechts bijdragen aan het voorkomen van slachtoffers. Effectieve 
planvorming en oefeningen gericht op risicoreductie vereisen gebruik van realistische, en 
indien nodig onderscheidende, scenario’s. Deze scenario’s kunnen worden gebaseerd op het 
palet aan overstromingsscenario’s in combinatie met de evacuatiebeslisdiagrammen voor top 
strategische besluitvorming. 
 
Dit onderzoek toont aan dat evacuatie bij een dreigende overstroming al ‘rendabel’ kan zijn 
als de overstroming nog zeer onzeker is bij een lage conditionele overstromingskans. Zelfs bij 
een conservatieve inschatting van de kosten en zonder risico-aversie is het in de Randstad al 
rendabel om tot preventief evacueren te besluiten bij een overstromingskans van minder dan 
20%, als er tenminste enige dagen tijd is voor de evacuatie.  
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Met verticaal evacueren zijn in de Randstad veelal nog meer slachtoffers te voorkomen. De 
kosten daarvan zijn lager, omdat de economie langer kan blijven functioneren. Daardoor zal 
een besluit over verticaal evacueren bij een nog lagere kans rendabel zijn. Naarmate minder 
tijd beschikbaar is en hierdoor minder mensen gered kunnen worden, zal de optimale kans 
sterk toenemen tot een moment waarop evacueren in het geheel niet meer rendabel is. 
 
Adaptieve evacuatieplanning  
Als onderdeel van dit onderzoek is een aanpak voor adaptieve evacuatieplanning ontwikkeld, 
speciaal voor gebeurtenissen met een grote omvang en een lage frequentie. De aanpak stelt 
de consequenties van keuzes centraal (resultaten), rekening houdend met onzekerheden in de 
elementen van evacueren. Hiermee worden besluiten over de voorbereiding en de uitvoering 
van evacuatie toetsbaar aan resultaatseisen. De focus ligt hierbij op het kunnen omgaan met 
alle mogelijke scenario’s en niet enkel op de bestcase scenario’s. Dit heeft vier instrumenten 
voor adaptieve evacuatieplanning voor threat driven response opgeleverd: 
1. EvacuAid: een probabilistisch evacuatiemodel; 
2. blokkendoos voor evacueren: generieke strategieontwikkeling; 
3. evacueren van niet-zelfredzamen en ziekenhuizen; 
4. resultaatseisen voor evacueren. 
 
EvacuAid: een probabilistisch evacuatiemodel. 
Met het model EvacuAid is de effectiviteit van verschillende evacuatiestrategieën als 
preventieve of verticale evacuatie te bepalen als functie van tijd. Het resultaat is een 
verwachtingswaarde uitgedrukt in: 
1. het aantal mensen dat een bestemming bereikt voor blootstelling aan een overstroming; 
2. het aantal slachtoffers bij een overstroming. 
EvacuAid is gebaseerd op een database met een afspiegeling van mogelijke 
evacuatiescenario’s, rekening houdend met onzekerheden, die zijn opgesteld met verkeers- of 
evacuatiemodellen. Per scenario is een inschatting van de kans op optreden opgenomen, 
gebaseerd op literatuur en expertinschattingen. Slachtoffers z bepaald met een 
slachtofferfunctie per locatie waar mensen worden blootgesteld aan de overstroming inclusief 
een kans op overlijden bij preventieve evacuatie door verkeersongevallen.  
 
 
Figuur d: Dilemmapunt met EvacuAid 
Aan de hand van de instellingen 
van de elementen van evacueren 
is te bepalen hoe effectief 
maatregelen zijn. Figuur d laat 
zien dat na een bepaalde 
beschikbare tijd preventieve 
evacuatie effectiever wordt dan 
verticale evacuatie: dit wordt het 
dilemmapunt genoemd.  
Op het dilemmapunt zijn het 
aantal verwachte slachtoffers bij 
een preventieve evacuatie gelijk 
aan verticale evacuatie & 
schuilen. De figuur toont ook de 
onzekerheidsband rond de 
verwachtingswaarde van een 
evacuatiestrategie. 
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EvacuAid biedt ook de mogelijkheid om resultaten af te zetten tegen de beschikbare tijd voor 
evacueren. Dat geeft informatie over de relevantie van het voorbereiden op preventief of 
verticaal evacueren. Over het algemeen geldt dat verticaal evacueren bij beperkte tijd 
aantrekkelijker is. Pas vanaf een bepaalde beschikbare tijd die afhankelijk is van de 
kenmerken in een gebied, is preventief evacueren aantrekkelijker. De beschikbare tijd is 
echter onzeker. Dit komt door onzekerheid in onder meer de verwachte waterstanden en de 
verschillende faalmechanismen van waterkeringen. Door de kansverdeling voor de beschikbare 
tijd te combineren met de effectiviteit van evacueren op basis van EvacuAid, zijn 
evacuatiefracties te bepalen. 
 
Ook is te bepalen wat het effect is van investeringen tijdens de fase van ‘planning en 
ontwerp’ om deze fracties beïnvloeden. Hiermee kunnen resultaatseisen voor crisisbeheersing 
worden gesteld waarin het effect van plannen, oefenen, infrastructuur, voorspellen, 
informatiemanagement en hulpverleners en hulpverleningsmiddelen tot uiting komt. 
 
In West-Nederland zal preventieve evacuatie bij een stormvloed alleen in (zeer) gunstige 
omstandigheden tot minder slachtoffers leiden dan verticale evacuatie. Voor andere gebieden, 
zoals Fryslan en Groningen, is dit minder eenduidig: daar zal in 50% van de mogelijke 
gebeurtenissen verticaal evacueren tot minder slachtoffers leiden dan preventief evacueren. In 
het rivierengebied zal preventieve evacuatie, door de grotere voorspeltijd en korte 
evacuatietijd, vaak leiden tot minder slachtoffers dan verticaal evacueren. Bij plotselinge 
overstromingsdreiging, bijvoorbeeld door piping, zal preventieve evacuatie echter ook daar 
minder effectief zijn dan verticale evacuatie. Toch ligt de focus van de huidige rampenplannen 
en rampenoefeningen veelal op preventieve evacuatie, uitgaande van relatief gunstige 
scenario’s waarbij de beoogde evacuatie uitvoerbaar is. Als deze plannen en aangeleerde 
kennis in andere situaties worden toegepast, kan het aantal slachtoffers en de economische 
schade groter zijn dan nodig. Voorbereide en geoefende procedures en maatregelen kunnen in 
het scenario dat werkelijk optreedt minder goed werken of de gevolgen zelfs erger maken.  
 
Modulaire aanpak voor generieke strategieontwikkeling. 
De grote gebieden die tijdens een overstromingsdreiging in de gevarenzone liggen, zijn op 
basis van het risico onder te verdelen in verschillende deelgebieden. Het risico in ieder 
deelgebied hangt af van de actuele en verwachte dreiging, de status van de waterkeringen en 
de mogelijke gevolgen inclusief noodmaatregelen waaronder evacueren. Vanwege de 
grootschaligheid van evacueren en complexiteit van coördineren is het in de praktijk 
onmogelijk om op het moment van de dreiging nog nieuwe evacuatiestrategieën of 
communicatiestrategieën te ontwikkelen en deze ook tijdig en volgens planning te 
implementeren. In dit onderzoek is daarom een modulaire aanpak ontwikkeld voor evacueren 
met vooraf uitgewerkte bouwstenen per deelgebied. Een bouwsteen beschrijft voor dit gebied 
de consequenties van een type evacuatie als functie van de tijd (als preventief en verticaal 
evacueren). De bouwsteen beschrijft het verwachte aantal slachtoffers, de benodigde bijstand 
en het verkeersaanbod op de overkoepelende evacuatie infrastructuur. Hiermee is het mogelijk 
op basis van de actuele situatie, op basis van de bouwstenen van de gebieden in het bedreigd 
gebied en de verbindende transport-infrastructuur en beschikbare bijstand, een uitvoerbare 
evacuatiestrategie en mogelijke alternatieven op te stellen en hierbij de consequenties in 
beeld te brengen als basis voor besluitvorming. Hiermee is de informatie voorhanden voor top 
strategische besluitvorming en de vormgeving van centralisatie van besluitvorming.  
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Evacueren van niet-zelfredzamen en ziekenhuizen 
Het aantal niet-zelfredzamen dat onder de zorg van de overheid of instellingen valt is te 
verkleinen met gerichte maatregelen in de transitiefase, de zorg wordt dan verleend door 
familie en vrienden. Preventief evacueren van niet-zelfredzame mensen kan echter tot meer 
slachtoffers leiden dan het minder ingrijpende verticaal evacueren en schuilen door de 
kwetsbaarheid tijdens transport, de frequentie van evacueren en de omvang van het 
bedreigde gebied. Dit speelt vooral als de omgeving van de instelling, zoals een ziekenhuis, 
ook beïnvloed wordt door de evacuatie of door de overstroming. Het functioneren van een 
ziekenhuis is dan ook niet louter afhankelijk van de lokale omstandigheden waarvoor 
bijvoorbeeld het bouwen op een terp interessant kan zijn. De zorg is ook afhankelijk van het 
aan- en afvoeren van medicijnen, diëten en de beschikbaarheid van personeel, de mate van 
toeloop van buiten etc. Een model is ontwikkeld om de optimale evacuatiestrategie te bepalen 
om slachtoffers te minimaliseren. 
De toepassing voor Nederland laat zien dat het preventief evacueren van ziekenhuizen in 
kustgebieden op termijn meer slachtoffers zal opleveren dan verticaal evacueren met schuilen, 
in combinatie met voorzorgsmaatregelen die de veerkracht van de gezondheidszorg vergroten 
gedurende een overstroming totdat redding plaatsvindt. Voorbereiden op verticaal evacueren 
van instellingen met niet-zelfredzamen – en het vervolgens langer kunnen continueren van de 
zorg – kan ook andere baten hebben, bijvoorbeeld doordat de voorbereiding ook effect zal 
hebben bij stroomuitval of brand.  
Ook in het rivierengebied zal dat het geval zijn naarmate meer ziekenhuizen moeten 
evacueren, omdat de omgeving dan ook wordt beïnvloed. Het is aanbevolen om nader te 
onderzoeken of ziekenhuizen als tijdelijke safe havens zijn in te richten, zodat ze als 
verzamelplaats voor meerdere hulpbehoevenden bij een overstroming kunnen dienen.  
 
Resultaatseisen voor evacueren  
Evacuatieplanning, als onderdeel van een risicobenadering, moet volgens dit proefschrift 
gebaseerd zijn op resultaatseisen. Deze kunnen worden gebaseerd op evacuatiefracties. Deze 
geven aan hoeveel mensen gemiddeld een veilige bestemming kunnen bereiken. 
Evacuatiefracties zijn input voor de bepaling van het aantal verwachte slachtoffers bij een 
overstroming. Het effect van maatregelen, zoals updates van rampenplannen, capaciteit van 
wegen, menselijk gedrag, betere informatievoorziening en oefeningen, is in de evacuatiefractie 
meegenomen. Vanwege de beperkte hoeveelheid meetgegevens over evacueren zijn echter 
aannames noodzakelijk. Dit vereist dat experts, gebruikers en beleidsmakers consensus 
bereiken over deze aannames. Hiermee kan een uniforme aanpak worden ontwikkeld zodat 
men van elkaar ook weet wat men doet en wat de consequenties hiervan zijn. Uniformiteit in 
plannen kan ontstaan door een expertteam in te stellen dat is samengesteld uit deze groepen 
en dat de voorbereiding op een evacuatie regelmatig beoordeelt en is betrokken bij het 
ontwikkelen en implementeren van nieuwe kennis. 
 
Conclusies en reflectie op evacuatie in grote deltagebieden als Nederland 
Evacuatie bij overstromingsdreiging vereist een eenvoudige aanpak. Dat is nodig omdat de 
voorbereiding op overstromingen complex is: het zijn extreme en laagfrequente 
gebeurtenissen en de risicoperceptie van bestuurders en burgers is laag. Anders dan in New 
Orleans is preventieve evacuatie in Nederland vaak niet in te zetten als geprefereerde 
strategie, omdat daarvoor te weinig beschikbare tijd is in geval van een dreiging. In dat geval 
is een andere basisstrategie noodzakelijk: verticaal evacueren in combinatie met schuilen. 
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De kennis opgedaan in dit onderzoek leidt tot een set aanbevelingen voor Nederland en 
andere deltagebieden waar evacuaties grootschalig en laagfrequent zijn en preventieve 
evacuatie niet altijd uitvoerbaar is: 
 Hanteer verticaal evacueren (in combinatie met schuilen) in plaats van preventief 
evacueren als basisstrategie om het verwachte aantal slachtoffers en de schade door 
evacueren te minimaliseren;  
 Baseer de voorbereiding op evacueren op onzekerheden en anticipeer op mogelijke 
beslissingen en beslissers, dit alles gericht op het minimaliseren van de totale kosten 
bestaande uit het risico voor schade en slachtoffers en kosten van maatregelen. In 
technische termen: hanteer een probabilistische opzet van de rampenbeheersing in 
plaats van een deterministische opzet; 
 Hanteer een modulaire, adaptieve, opzet van evacuatieplanning, waarbij voor sommige 
gebieden aanvullend andere typen van evacueren kunnen worden ingezet (zoals 
preventief evacueren) als aanvulling op de basisstrategie, op basis van risicozones en 
afhankelijk van de actuele dreiging. Focus voor niet/zelfredzamen op verticaal 
evacueren en maatregelen die de continuïteit van zorg verlengen bij uitval van 
voorzieningen; 
 Stel resultaatseisen op voor de voorbereiding op evacueren als onderdeel van beleid 
voor het bereiken en behouden van een acceptabel geacht overstromingsrisico. 
Resultaatseisen voor evacueren zijn nieuw en kunnen proceseisen, zoals het hebben 
van een plan en het doen van een oefening, vervangen of aanvullen; 
 Maak de structuur voor topstrategische besluitvorming over evacueren bij 
overstromingen eenvoudiger, zodat deze sneller verloopt, mindere kostbaar is omdat 
minder mensen en organisaties betrokken zijn. Hierdoor verbetert de effectiviteit omdat 
er meer tijd beschikbaar is voor uitvoering van de evacuatie, hierdoor is er ook ruimte 
om een beperktere groep (een expertteam) beter voor te bereiden. 
Dit kan door het centraliseren van de topstrategische besluitvorming op basis van een 
voorbereide modulaire aanpak. Lokale en regionale organisaties, zoals waterschappen 
en veiligheidsregio’s in Nederland, zijn daarbij enkel uitvoerend maar dragen wel bij aan 
de voorbereiding die wordt verankerd in bouwstenen voor evacueren; 
 Bepaal het optimale beslismoment voor evacueren en voor het instellen van mogelijke 
no regret maatregelen en stel hiervoor evacuatiediagrammen op met ondersteunende 
criteria om beslissers te ondersteunen; 
 Stel een expertteam voor evacuatie samen voor ondersteuning aan topstrategische 
besluitvorming, kennisontwikkeling en implementatie en de frequente toetsing aan 
resultaatseisen. 
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Summary 
 
Objective of this thesis: Optimise evacuation effectiveness to reduce flood risk 
Evacuation is a measure taken to potentially reduce the loss of life and damage to movable 
goods. Evacuation is defined as the process of alerting, warning, deciding, preparing, 
departing and (temporarily) holding people, animals, personal belongings and corporate stock 
and supplies from an unsafe location at a relatively safer location given the actual 
circumstances. Evacuation has benefits but can be costly. In the case of a disaster such as a 
flood, an evacuation can reduce the loss of human life (as the primary objective of an 
evacuation), animal losses and damage to movable goods. Evacuation can also result in 
economic or social damage to a society and damage to the image of the authorities. 
Evacuation can also cause loss of life. Because of the consequences of an evacuation, it is 
itself (even without a flood) considered a crisis because vital processes for a functioning 
society come to a halt. Therefore, the decision to call for an evacuation due to the threat of 
flooding results in a crisis, by definition, but can prevent a worse crisis in the case of an 
actual flood.  
 
This thesis focuses on the effectiveness of different types of evacuation as preventive 
evacuation and vertical evacuation, in response to large-scale flooding. Research has been 
conducted on how to assess whether an evacuation is effective and how evacuation can 
reduce flood risk. Preparation for evacuation is defined as maximisation of the use of available 
means and infrastructure for evacuation in the case of a possible threat of disaster. 
Preparation for an evacuation entails meeting predefined criteria that are related to desired 
effectiveness of evacuation. Evacuation is part of a portfolio of measures in a multilateral 
safety system that can contribute to an acceptable level of risk. Research has been conducted 
on the costs and benefits of investments in evacuation planning, how these investments and 
emergency preparations can be related to explicit requirements for evacuation and how to 
define the optimal moment to call for an evacuation. This thesis focuses on the threat for 
large-scale flooding of delta areas caused by storm surges, hurricanes or extreme river 
discharges. The central element of this thesis is uncertainty, how to address and use 
uncertainty in evacuation planning for flood risk management.  
 
Headlines of the results 
This thesis focuses on investments in evacuation as a part of flood risk management. Cost-
benefit analyses show that limited investment in evacuation management is economically 
justified in addition to measures that reduce the probability of flooding (i.e., prevention). This 
economic justification even applies for delta areas with high value and low probability of 
flooding because of flood defences (as in the Netherlands). Investments in evacuation 
management are made to increase the effectiveness of existing emergency personnel, 
resources and traffic infrastructure and not to generate additional personnel, resources or 
traffic infrastructure. 
 
This thesis shows the need for results-driven requirements for evacuation and shows how 
these requirements can be defined. When evacuation management is part of a portfolio of 
measures (e.g., reinforcement of flood defences, building codes and emergency preparation, 
training and exercises) to reduce and maintain a level of flood risk, it is necessary to define 
result-driven safety standards and design levels for evacuation and to test frequently if 
preparation still fits to these result-driven safety standards. Results-driven requirements for 
evacuation are a new phenomenon. Current standards only focus on procedures as the 
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objectives to have an evacuation plan and on having frequent test exercises. As a 
consequence, the effectiveness of these planning documents, and the exercises of emergency 
personnel, in terms of risk reduction or a reduction in loss of life or total costs is not known. 
This thesis shows that the evacuation fraction, which describes the expected number of 
people who reach the planned evacuation destination, can be used as a basic value to define 
requirements for evacuation planning and emergency management.  
 
This thesis focuses on uncertainty, its impact on the effectiveness of an evacuation and how to 
address these uncertainties. As a part of this research, a framework for evacuation is defined. 
Based on this framework, the (new) probabilistic evacuation model EvacuAid is developed. 
EvacuAid assesses the effectiveness of evacuation in terms of the number of people who 
reach the planned destination and the expected loss of life in case of a flood for a given 
strategy as a function of time. When the results of EvacuAid are combined with statistics of 
the available time for evacuation, the evacuation fraction can be defined. This thesis offers 
methods to support decision making during a crisis and to develop and improve effectiveness 
of decision making by crisis management infrastructure and information management. This 
thesis offers an adaptive modular model — the strategy builder — for evacuation planning and 
a method to define and present rational criteria for decision making, including an evacuation 
isograph to support decision makers.  
 
This thesis shows that a centralised (and simplified) decision making process for evacuation is 
a cost-effective measure to reduce the loss of life in case of a large-scale flood. 
Centralisation of planning and decision making, based on defined evacuationbricks, is more 
effective and cost-efficient than investing in additional mechanisms for coordination between 
organisations or more emergency personnel, capabilities or traffic infrastructure. During daily 
practice tasks and responsibilities are spread over multiple authorities on different levels. The 
leader of a community or of a larger region is, in many cases, responsible for public safety. 
Higher hierarchical levels, such as the provincial, national or federal level, can coordinate or 
even enforce decisions. However, experience has shown that this higher-level coordination 
takes time. When more organisations and crisis management teams are involved in the 
decision making process (as in the Netherlands, which has safety regions, water boards, 
Rijkswaterstaat, crisis centres at departments, and national crisis management teams, each 
with an operational and strategic team that is involved in the decision making process for 
evacuation) the time needed for decision making increases along with the risk of 
miscommunication and failure, and the effectiveness of decision making decreases. 
 
A more centralised decision making process, using prepared evacuationbricks in the case of 
large-scale events, simplifies the decision making process because fewer organisations are 
involved; thus, the time needed for decision making will decrease (as the risk for 
miscommunication etc.). As a consequence, the effectiveness of evacuation increases because 
more time is available to execute the required measures. Centralisation, however, works in 
opposition to the daily practice of the organisations involved in evacuation planning because 
each of these organisations aims to optimise its own role and objectives.  
 
This thesis shows that vertical evacuation or shelter in place is a better basic strategy for 
coping with a flood than preventive evacuation when the available time is limited. 
Nevertheless, preparation for evacuations usually focuses unnecessarily on preventive 
evacuation, which can result in more exposure to more people during the evacuation and 
therefore may result in more loss of life. This finding is applicable for many areas in the 
Netherlands and other delta areas of the world.  
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When loss-of-life risk reduction is the objective, this research shows that vertical evacuation 
combined with shelter in place is the most effective strategy for situation with limited 
available time for evacuation and limited possibilities to implement top strategic decisions. 
Therefore is vertical evacuation combined with shelter in place, instead of preventive 
evacuation, the primary or basic strategy for evacuation (plan A). This finding is especially 
applicable to people with special needs because preventive evacuation, by itself, can create 
additional losses of life among this group because of its failure to fulfil their needs. Only when 
enough time is available preventive evacuation can be added to the strategy (plan B). The 
optimal evacuation strategy, by a combination of plan A and B strategy, can be assessed after 
detection and recognition of a possible flood and can be implemented during the transition 
phase. Preventive evacuation only has to be added to plan A if people can reach their 
destination before being exposed or when weather conditions become too extreme. 
National traffic management to activate evacuation routes can be seen as a no-regret 
measure, even with a choice for vertical evacuation. Some people still leave the area, when 
the routes are implemented the risk for obstruction of others is less. In the case when plan B 
is activated to evacuate some areas preventive these decisions can be implemented more 
early because the evacuation routes are already active. Vertical evacuation also has economic 
advantages because the economy can be restarted more quickly when a flood does not occur 
(which is the case in most events) and will come to a stop later than in the case of a 
preventive evacuation. 
The current emergency planning documents used by authorities run contrary to this 
knowledge; they emphasise preventive evacuation to a destination outside the flood zone. In 
these documents, only optimistic threat and impact scenarios are used in which enough time 
is assumed to be available to execute all (planned) measures and in which it is assumed that 
each authority will act as planned. Therefore, in current practice, preparation for flooding 
focuses on a selection of relatively best case events based on a matrix of possible events. This 
research show that other measures can be more effective in cases of other more likely events 
and that planned measures may be unsuccessful or even counter-productive. 
 
Guidance of summary 
This thesis describes different types of evacuation. These types are based on the evacuation 
destination, the relationship between authorities and emergency services with citizens and the 
moment of the onset of an evacuation related to the onset of a flood. Six types of evacuation 
have been defined that can be used to develop evacuation strategies: 
 Before exposure to a disaster: (1) Preventive evacuation out of the threatened area, (2) 
vertical evacuation or (3) shelter in place, both inside the threatened area. These types 
of evacuation can be used for events that can be forecasted (threat-driven response);  
 After exposure to a disaster: (4) Acute evacuation, (5) escape and (6) rescue. These 
types of evacuation can be used for events that happen without forecasts (event-driven 
response).  
A flood is a threat-driven response, but because of uncertainty about the threat and the 
moment when a potential flood is detected and recognised by decision makers, a flood can be 
an event-driven response as well.  
 
The four parts of this thesis are described in the following sections:  
1. A framework for evacuation to describe the consequences and uncertainties of 
evacuation; 
2. Criteria for evacuation decision making; 
3. Adaptive evacuation planning; 
4. Conclusions, recommendations and reflections on the Netherlands. 
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Framework for evacuation: dealing with uncertainties 
Because of the limited experience of evacuation (as in the Netherlands), because of low 
frequency of severe floods, uncertainties are important to consider for emergency planning 
and crisis decision making. Evacuations in highly populated urbanised delta areas have an 
impressively large scale and impact. The authorities can hardly force evacuation physically 
because of the limited ratio of rescue workers (including army forces) compared to evacuees. 
Nevertheless, the authorities can increase the effectiveness of an evacuation by offering 
information about the threat, adapting the physical environment and using symbols to 
influence behaviour and stimulate specific citizen responses.  
For the Netherlands the expected frequency of evacuation and flooding is less than once per 
lifetime. For other delta areas, such as New Orleans, evacuation happens more frequently. 
After each evacuation, new measures are implemented, and emergency planning is updated; 
risk perception also changes. Moreover, threats and impacts can take many different forms, as 
exemplified by hurricanes of different classes, travel speeds and directions of hurricanes. As a 
consequence, uncertainties remain, so a proven evacuation strategy is not available. Despite 
agreements about tasks and responsibilities, disaster evaluations reveal that it is often unclear 
who should make which decision and in what sequence and that decision makers have to 
cope with decisions made by other organisations, and it is also unclear whether decisions 
should be postponed or executed as planned. Emergency planning that assumes limited or 
single threat and impact scenarios and a fixed schedule for which measures to take (i.e., 
deterministic planning) only works well  
 
 
Figure a: Four elements to describe the effectiveness of 
evacuation 
when an actual event is similar to the 
prior assumptions, which is an unlikely 
coincidence. These planned measures 
can, in the case of dissimilar circum-
stances, be less effective or even 
counterproductive. An example would be 
when the call for a preventive 
evacuation is made too late and many 
people are exposed to the flood during 
evacuation, vertical evacuation can 
result in less loss of life in such an 
event. To address these uncertainties, a 
framework for evacuation is developed. 
This framework describes the conse-
quences of evacuation decisions using 
four elements (see figure a).  
Taking the interaction between these elements and uncertainties into account, evacuation 
planning and crisis decision making can be based upon a probabilistic approach (i.e., a 
probabilistic approach to crisis management). As a consequence, decision-makers can select 
the most effective measures. The four elements are: 
 
 Element 1: Threat and impact. This element describes the available time until the onset 
of a flood after detection of a threat and the size and development of a flood. The 
combination of those (including the weather conditions) can be used to describe threath 
and impact scenarios. In theory an infinite variety of threat and impact scenarios are 
possible. To cope with the uncertainties for crisis management, land use planning and 
risk analysis, a matrix of threat and impact scenarios is defined.  
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
  B. KOLEN XIX 
This matrix describes classes of potential threats and impact scenarios based on 
probability distributions of the available time for evacuation and size of a flood event.  
 
 Element 2: Decision making by authorities. The second element describes the process of 
top strategic decision making: the decision making process of the authorities about 
when and how to call for an evacuation: the go or no-go decisions for evacuation and 
the strategy of evacuation. Delaying a decision to evacuate is also a sound top strategic 
decision. To obtain insight into the information required for top strategic decision 
making for an evacuation, a survey was conducted among all Dutch mayors (n=430 
persons with an average response rate to the questions of 30%) and European crisis 
managers (n=100 persons with an average response rate of 50%. The experiences of the 
Dutch large-scale flooding exercise, Waterproef, in 2008 have been reflected in this 
survey. This survey shows that mayors and crisis managers make decisions based on 
information about risks, including the probability of a flood and the costs and benefits 
of an evacuation. When less information is available, other types of information, such as 
public perception and media coverage, become more important. The survey also shows 
that decision makers will make different decisions based on the same information.  
After the detection of a threat, the time and attention that decision makers give to this 
threat have to compete with other policy problems. Education and training can be used 
to increase the understanding of the risk and improve decision making. However, in 
practice, this is a complex objective because of the low frequency of education and 
training exercises as well as the compared to the frequency of an evacuation short 
stage of the decision maker’s career.  
As a consequence, preparation for evacuation has to anticipate to possible decision 
maker types and different objectives; the precise decision making process of the 
authorities has to be considered an uncertain element. The survey also shows that 
decision makers themselves will not always (approximately 25% of the respondents) 
execute the measures dictated by authorities. 
 
 Element 3: Environment and traffic infrastructure. The third element describes the 
physical environment of the evacuation. The effectiveness of different strategies of 
evacuation has been defined, and each strategy is a combination of preventive 
evacuation, vertical evacuation and shelter in place. Different risk zones have been 
defined based on potential flood consequences and the vulnerability of different groups 
of people. The time needed for evacuation depends on the characteristics of an area. 
The effectiveness of evacuation can increase when the existing traffic infrastructure is 
utilised more efficiently; an example is to reduce crossings on evacuation routes. 
Effectiveness increases when measures are implemented quickly and when routes are 
known by the evacuation population. When decisions to implement measures are made 
too late, implementation becomes more difficult because of logistical problems, and 
measures can even be counterproductive because, during implementation, evacuation 
traffic can be delayed.  
Some portion of the community will not act as dictated by the authorities 
(noncompliance) and move to a different destination. Even in the case of a strategy of 
vertical evacuation or shelter in place, it is advisable to use traffic management as a no 
regret measure to maximise the capacity of evacuation routes out of the threatened 
area. The risk that noncompliant people will influence the effectiveness of evacuating 
others is minimised with better traffic management on evacuation routes. 
The research also shows that advances in traffic management and communication 
strategies can reduce the time needed for evacuation of the western part of the 
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Netherlands from three to two days. However, the probability that this strategy can be 
executed as planned is unknown because of its complexity and the limited familiarity 
and experience of rescue workers, traffic controllers and evacuees.  
 
 Element 4: Citizens’ response. The fourth element describes how decisions are made by 
citizens in case of a flooding threat. The same principles also apply to operational 
services and traffic controllers who have daily operational duties. Citizens make daily 
decisions based on all kinds of information, as they do in the case of a threat of 
flooding. Citizens and their organisations will also generate, gather, interpret and spread 
information. Emergency planning and crisis decision making that assume that all people 
will act on the information presented by the authorities are false. Citizens will use many 
different available sources of information to plan their evacuation. Choices made are 
often strongly related to behaviour during daily situations. Examples include the choice 
of routes, the destination of evacuation. This also applies for the measures conducted 
by the police, firemen, medical services and traffic controllers. These choices can be 
influenced by the authorities or by other evacuation elements. However, when expected 
behaviour is contrary to daily behaviour, the risk increases that these measures will fail. 
To obtain insight about the consequences of uncertainty on the effectiveness of the 
citizens’ evacuation response, a sensitivity analysis has been completed.  
 
A framework for evacuation illustrates that the effectiveness of an evacuation can be 
increased by several measures that are implemented in a timely manner during the transition 
phase, as illustrated in figure b. This requires that information is available for decision making 
in time which is not always the case. Figure b also illustrates that when top strategic decision 
making delays the effectiveness declines quickly. A delay can be caused by the process of 
decision making itself, but also because of delays in the gathering of the required information. 
Because information about the threat is also available outside the authorities citizens, 
businesses and operational centers will act autonomously as well and available capacity is 
already used. In case of an unexpected disaster (event driven response) the effectiveness of 
topstrategic decision making to the emergency response in the early hours is limited because 
local emergency workers are already involved or also a victim. Also the availability of 
information for these topstrategic decisions will be limited and available information will be 
part of discussion whether it is true or not.  
 
A possible decision to evacuate requires detection and recognition of the threat (the onset of 
phase 1). During the transition phase (phase 2), decisions for evacuation are made and 
implemented, for example, by adapting traffic infrastructure, re-allocating emergency 
personnel and resources and informing the public. Phase 3 involves movement from one place 
to another. During the transition phase, top strategic decisions about evacuation are made on 
the strategy and its timeline. Citizens, rescue teams and traffic controllers will also make 
decisions on their own, which is one reason why the effectiveness of late top strategic 
decisions decreases. The chosen adaptation of the physical environment comprises the 
boundary conditions for further measures during phase 3 of an evacuation. These measures 
create an evacuation mode for society to reduce the loss of life and damage in case of a flood. 
The basic conditions for evacuation during a crisis are created during the planning and design 
phase (phase 0) before the detection of a threat. 
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Figure b: Transition phase and effectiveness of top strategic decision making 
Criteria to decide for evacuation 
This research resulted in 2 models to support decision making about evacuation: 
1. Decisions for investments in evacuation infrastructure as part of a risk-based approach 
in a multi-layer safety system (during phase 0 of evacuation in figure b); 
2. When and how to call for evacuation in case of a threat of flooding (during phase 1 and 
2 in figure b). 
 
Decisions for investments in evacuation as part of a risk-based approach in a multi-
layer safety system. 
The cornerstone of a multiple layer safety system is the acceptable risk to an area, including 
the risk for loss of life. Different measures can be taken to reach and maintain an acceptable 
risk. Investments in evacuation (e.g., the preparation of personnel, or equipment and traffic 
infrastructure) can reduce the consequences and the risk of a flood because of the reduction 
in loss of life and damage to movable goods. The following question arises: which measures 
are the most effective and efficient to accomplish and maintain an acceptable risk, especially 
when budgets are limited? Investments in evacuation have to compete with other measures in 
a multi-layer safety system, such as reinforcement of flood defenses or the adaptive 
development of urban areas.  
In this research, a risk model is developed to minimise the total costs (the risks including loss 
of life and investments) for flood risk in a multi-layer safety system. Application of the model 
in an area results in an optimal mix of measures to reduce the probability of flooding and its 
consequences. The model can also be applied to define the optimal mix of measures to reduce 
the consequences when the probability of flooding is fixed. 
The optimal mix for areas with a high economic value (like Dikering Central Holland), such as 
the western part of the Netherlands, more than 99% of the total budget is composed of 
measures that reduce the probability of flooding. Less than 1% of the budget is used to reduce 
the loss of life by increasing the effectiveness of evacuation and emergency management, so 
that existing infrastructure, emergency personnel and equipment can be used more 
effectively. Investments in additional investments to buildings (dry- and wetproof building or 
elevation of surface levels) or increased road capacity are compared to prevention measures 
and emergency management not attractive from an economic point of view for the Dutch dike 
rings, this because of the high costs and limited benefits.  
s 
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For areas with a low economic value (for example, a rural area or a floodplain), investments in 
physical measures to reduce the consequences of a flood become relative more attractive than 
measures to reduce the probability of flooding or measures to increase preparation for an 
evacuation.  
Factors in addition to costs and benefits play a role in the public debate about the selection of 
measures to reduce risk. Taking into account the limited risk reduction of evacuation with the 
optimal mix of measures in an area, a discussion can arise about the need for investments in 
these required evacuation measures. However, an important reason to invest in evacuation is 
that the authorities can show responsibility to implement risk reduction measures in case of a 
crisis and know the expected effectiveness of these measures. The accountability of 
authorities for decisions about evacuation was one of the most important factors identified in 
the survey of decision makers. Thus, even in countries or delta areas with a low probability of 
flooding because of protection measures and a high economic value, as in the Netherlands, 
limited investments in emergency preparation have to be part of a portfolio of measures next 
to prevention to reduce flood risk using a risk-based approach. For the implementation of 
evacuation in a risk based (and avoid unnecessary investments or symbolic planning) 
approach it is necessary to define results-driven requirements and to test them frequently.  
 
When and how to call for evacuation in case of a threat for flooding 
This research developed a risk-based decision model to decide whether to evacuate in case of 
a threat of flooding based on rational criteria. The model assesses whether the decision to call 
for an evacuation is acceptable based on costs and benefits. The models takes into account 1) 
the minimal conditional probability of flooding (based on forecasted water levels), 2) loss of 
life and economic losses, which can be prevented in case of a flood by evacuation during the 
available time and 3) which are caused by evacuation. When less time is available for an 
evacuation, less people can be saved, so the minimal conditional probability of flooding that is 
necessary to call for an evacuation increases based on an economic approach.  
 
 
Figure c: Evacuation isograph 
The results of the risk model are 
presented in evacuation diagrams, 
termed evacuation-iso-graphs (see 
figure c). Other irrational considerations 
may influence the decision for 
evacuation by the authorities that are 
not a part of the model. The evacuation 
iso-line shows the minimal conditional 
probability of flooding, and the amber 
zone shows an uncertainty bandwidth. 
The red zone in the graph shows when 
a call for evacuation has to be made 
based on an economic rational 
approach. The green zone indicates 
when evacuation is not profitable 
based on an economic approach. In the 
model, a risk aversion factor, which is 
rational when used consistently, can be 
taken into account.  
The frequency of a flood will, in general, be less than the frequency of evacuation. The cost of 
evacuation depends on the economic damage and loss of life due to evacuation.  
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The costs also depend on the costs of emergency personnel and measures used during 
evacuation and on even more frequent crisis decision making processes.  
 
The centralisation of top strategic decision making for evacuation increases the effectiveness 
of evacuation. A simpler crisis management organisation also reduces the probability of failure 
of this organisation. Because of the costs of crisis organisation in case of a threat, it is 
worthwhile to simplify the top strategic decision making processes so that less people are 
involved and costs are reduced. A second argument to simplify the crisis management 
structure and process of top strategic decision making is to reduce the time needed for 
decision making. When more time is needed for decision making because of meetings and the 
collection and analysis and sharing of information, the benefits of evacuation decrease. When 
the time needed for decision making decreases, the minimum conditional probability of 
flooding to call for evacuation decreases and more loss of life can be prevented. This is 
because more time is available for evacuation. A simplified crisis management structure is a 
structure where decisions are made centrally using defined evacuation bricks, which describe 
the possible measures and consequences of local and regional organisations. These 
evacuationbricks describe the effectiveness of evacuation in an area as a function of time. The 
emergency services (or regional organisations such as safety regions) and Waterboards mainly 
focus on executing the centrally chosen strategy. However, centralisation is opposite to routine 
practice, where local and regional organisations optimise their own responses based on their 
daily tasks and responsibilities. 
 
The results of the decision model for the Netherlands have been compared to the top strategic 
decision making processes used during the Dutch exercise Waterproef. Waterproef illustrates 
the importance of balancing information about costs, benefits and the interpretation and 
guidance of experts. During Waterproef, the focus of the presented information was on the 
benefits of evacuation. Information about evacuation costs was not presented, and the 
interpretations of the probability of flooding and the evacuation costs were made by the 
decision makers themselves. The risk model shows that less value was given to loss of life by 
decision makers than was expected based on values used in risk analyses. However, because 
of risk aversion, it was expected that more value would have been given to loss of life.  
It can be questioned whether exercises those only use best case scenarios as for example 
exercise Waterproef contribute to the preparedness for flooding. When the decision making 
process, as learned during the exercise, is put into practice in the case of a less ideal and 
more realistic event, the expertise learned might not contribute to a reduction in loss of life. 
Effective emergency planning and exercises, which aim to reduce risk damage and loss of life, 
require the use of realistic and, if needed, representative classes of different scenarios. These 
scenarios can be based on the matrix of threat and impact scenarios in combination with 
evacuation diagrams for topstrategic decision making. 
 
This research shows that a call for evacuation is profitable in the case of a low conditional 
probability of flooding. Even when the costs of evacuation are considered to be an upper limit, 
the minimum conditional probability to call for preventive evacuation is, without risk aversion, 
less than 20% if several days are available for evacuation. The minimum conditional 
probability to call for vertical evacuation is even less because the costs for vertical evacuation 
are lower and the potential economic damage is also lower than in case of preventive 
evacuation. When less time is available, the reduction to loss of life decreases, and as a 
consequence, the minimum probability to call for evacuation will increase up to a level at 
which evacuation is not profitable anymore.  
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Adaptive evacuation planning 
As part of this research, an approach for adaptive evacuation planning has been developed for 
low-frequency events with serious consequences. This approach optimises the results of 
evacuation and considers uncertainties in evacuation. Decisions about evacuation and 
preparation for evacuation can be related to results-driven requirements for evacuation. The 
focus is on addressing possible scenarios and not just best-case scenarios. This focus results 
in four instruments for adaptive evacuation planning for threat driven response: 
1. EvacuAid: A probabilistic evacuation model; 
2. Strategy Builder: Modular approach for evacuation planning; 
3. Evacuation of hospitals and people with special needs; 
4. Result-driven requirements for evacuation.  
 
EvacuAid: A probabilistic evacuation model 
The model EvacuAid determines the effectiveness of different evacuation strategies (such as 
preventive and vertical evacuation) as a function of time. The result is an expected value 
expressed in the following terms: 
1. The number of people who can reach the planned destination prior to a flood; 
2. The loss of life in case of a flood. 
EvacuAid is based on a database of possible scenarios for evacuation for an area, taking 
uncertainties into account and using evacuation or traffic models. For each scenario, the 
probability is defined based on the literature and expert judgment. Loss of life is determined 
using a mortality function per destination where people are exposed to a flood, including a 
mortality function for accidents during preventive evacuation. The effectiveness of different 
measures can be determined by the actual conditions for the 4 elements of evacuation and 
the possibility to influence these elements. Figure d shows that after a window of available 
time, the most effective strategy for evacuation changes from vertical evacuation to preventive 
evacuation; this moment is called the dilemma point. At the dilemma point, the expected loss 
of life in case of preventive evacuation is equal to vertical evacuation. The figure also shows 
the uncertainty bandwidth of the effectiveness of each strategy. 
 
Figure d: EvacuAid and evacuation dilemma point 
EvacuAid can be used to relate the 
effectiveness of evacuation over time 
to the available time for evacuation. 
This comparison offers insight into 
the urgency to prepare for different 
strategies for evacuation: preventive 
and vertical evacuation. As a general 
rule, a vertical evacuation is more 
effective when time is limited. If 
more than a specific amount of time 
is available, a preventive evacuation 
is more effective. 
The time available is uncertain 
because of uncertainty in forecasted 
water levels and failure mechanisms 
of flood defences. The evacuation 
fraction can be defined by relating  
the probability distribution of the available time for evacuation with the effectiveness of 
evacuation using EvacuAid.  
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The effectiveness of investments during the planning and design phase for the evacuation 
fraction can also be defined. This method can be used to define evacuation fractions as 
results-driven criteria for crisis management, which describe the effectiveness of emergency 
planning and exercises, forecasting, infrastructure, information management and emergency 
personnel and resources.  
 
A preventive evacuation for the western part of the Netherlands, in case of a storm surge, will 
result in less loss of life than a vertical evacuation only in a very optimistic scenario. The 
relation between preventive and vertical evacuation depends on the local circumstances; for 
example, with Fryslan and Groningen, preventive evacuation is expected to result in less loss 
of life in 50% of possible events, and the same applies for vertical evacuation. For the river 
area, because of the relatively long lead time and less time required for evacuation, a 
preventive evacuation will result in less loss of life than a vertical evacuation in most 
instances. However, when the lead time is limited or zero, e.g., because of seepage, also in 
the river area a preventive evacuation is less effective than a vertical evacuation.  
Despite the focus in actual emergency planning and exercises is to preventive evacuation 
using relative optimistic scenarios in which all planned measures can be executed. If these 
planning documents and learned competences are put into practice in other events, the loss 
of life and economic damage can be more than expected. Preparedness measures and learned 
procedures and measures during training and exercises can be less effective in an event or 
can even increase the consequences if they utilise overly optimistic assumptions. 
 
Modular approach ‘Strategy Builder’ for generic strategy development 
The threatened area in case of a flood can be divided into different zones based on risk and 
possible scenarios. The risk in each zone depends on the actual and forecasted threat, the 
actual conditions of the flood defences and the consequences of possible measures for 
evacuation. Because of the size of a flood and the complexity of coordination and command 
and control, it is difficult to use new strategies for evacuation and communication in case of a 
threat and to implement them as planned. In this research, a modular approach for 
evacuation planning has been developed based on preparedness evacuationbricks per area 
using a matrix of scenarios. The evacuationbricks describes the consequences of each strategy 
for evacuation as a function of time. The evacuationbricks describe the expected loss of life, 
the required assistance and the load offered to the overall evacuation infrastructure. Based on 
the actual conditions and forecasts, available assistance and the evacuation infrastructure, the 
consequences of possible strategies can be defined.  
In the case of a threat risk when multiple areas are at risk, the consequences of an executable 
strategy and alternatives can be defined based on the actual circumstances. Using objectives 
to minimise loss of life is the optimal strategy, and alternatives can be defined as input for 
decision making. The Strategy Builder is a concept for centralised decision making and offers 
the required information for top strategic decision making.  
 
Evacuation of people with special needs and hospitals 
The number of people with special needs who depend on the support of authorities or 
institutions can be decreased by certain measures during the transition phase; family and 
friends often provide this support when activated in time. Preventive evacuation of people 
with special needs can increase expected loss of life per year compared with vertical 
evacuation and shelter in place because of the vulnerability of these individuals during 
transportation, the frequency of evacuation and the size of the threatened area.  
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The conditions for evacuation as well as the continuity of institutions as hospitals are 
especially problematic when the surroundings of an institution such as a hospital are directly 
affected by the disaster or evacuation itself. The processes in these institutions do not only 
depend on the local characteristics of the buildings, these also depend on the logistic process 
of personell, water, diets and medicine which in many cases come from a location outside the 
hospital. In case of a crisis also some external people will come to these institutions because 
these are assumed to be a safe haven where help is offered. A model has been developed to 
develop the optimal evacuation strategy and to minimise loss of life. 
Application of the method for the Netherlands shows that preventive evacuation of hospitals 
in coastal areas results in more expected loss of life per year than vertical evacuation and 
shelter in place. When additional measures are taken to increase resilience during vertical 
evacuation or shelter in place, when the flood period better care can be offered until these 
evacuated people are rescued or this period can be extended, loss of life will decrease further 
more. These additional measures also have benefits in case of other disasters as electric 
failure or fire. 
This conclusion also applies for the river area, where more hospitals have to be evacuated 
during the same event and preventive evacuation of hospitals is affected by preventive 
evacuation of others. Because of the facilities that hospitals offer, it is recommended to 
conduct further research on the possibility to use hospitals as gathering places for people with 
special needs in case of a flood.  
 
Results-driven requirements for evacuation 
Evacuation planning, as part of a risk-based approach, should following the approach of this 
thesis be based on result-driven requirements. These result-driven requirements can be based 
on evacuation fractions. An evacuation fraction is an instrument to describe the expected 
number of people who can reach a planned destination or to estimate the loss of life in case 
of a flood. The effectiveness of measures, including emergency planning, training and 
exercises, and the effectiveness of information systems have been taken into account.  
Because of the limited availability of measurements for evacuation, assumptions are necessary 
for evacuation planning. A consensus about these assumptions should be reached by experts, 
users and policy makers. Doing so will contribute to a more uniform approach in which 
different stakeholders are aware of various measures and their consequences. Uniformity in 
preparation can increase by an expert team composed of these groups, who frequently test 
evacuation preparedness and are involved in the development and implementation of new 
knowledge.  
 
Conclusions and reflections on evacuation in large-scale delta areas of the Netherlands 
Evacuation in case of the threat of flooding requires an uncomplicated approach. This is 
because of the complexity of preparation for low-frequency, large-scale disasters such as 
flooding and because of the limited risk perception by the public and decision makers. 
Otherwise, as in New Orleans, a preventive evacuation is not the preferred strategy because 
the available time is limited after the detection of a threat. In such a case, another primary 
(basic) strategy is necessary: vertical evacuation combined with shelter in place. 
 
This research has resulted in recommendations for the Netherlands and other delta areas that 
face large-scale, low-frequency evacuations and where a preventive evacuation cannot always 
be executed in time: 
 Use a strategy of vertical evacuation (instead of preventive evacuation) as the preferred 
strategy (the basic strategy) to minimise the expected loss of life and to reduce 
economic damage; 
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 Use uncertainties as the cornerstone of preparation for evacuation and anticipate 
possible decisions by decision makers to minimise the total costs (which consist of the 
economic risks and loss of life) and costs of evacuation measures. In more technical 
terms, use a probabilistic approach for emergency management instead of a 
deterministic approach; 
 Use a modular adaptive approach for evacuation planning in which, for some areas, 
other types of evacuation, such as preventive evacuation, can be added to the preferred 
strategy of vertical evacuation and shelter in place based on risk zones and actual 
circumstances; 
 Define results-driven requirements for evacuation as part of an approach to reach and 
maintain the acceptable risk of flooding. Results-driven criteria are new and can be 
added to replace process-driven requirements or replace process-driven requirements as 
the need to have an emergency plan or conduct an exercise; 
 Simplify the process of top strategic decision making for evacuation in cases of flooding 
so that less time is needed for decision making and the decision making process is less 
costly because fewer people and organisations are involved. The effectiveness of 
evacuation increases because more time is available to execute evacuation and the 
existing budget can be used to more effectively to prepare a select group (the expert 
team) instead of multiple groups of several organisations; 
 This simplification requires centralisation of top strategic decision making using a 
modular approach based on predefined evacuationbricks. Local and regional 
organisations, such as Waterboards and safety regions in the Netherlands, execute 
chosen strategies by the top strategic decision team in case of a crisis but contribute to 
the preparation of evacuationbricks which can be combined during a crisis to define the 
optimal strategy; 
 Define the optimum moment to call for an evacuation, to implement no regret measures 
and develop evacuation diagrams (evacuation-iso-graphs) that hold thresholds for 
decisions to support decision makers; 
 Create an expert evacuation team to support top strategic decision making, research 
and implementation of knowledge and to frequently test whether emergency planning 
meets results-driven requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
  B. KOLEN XXIX 
Contents 
 
Samenvatting ....................................................................................................................... I 
Summary ........................................................................................................................... xv 
 
 
Part I: Introduction in evacuation  ....................................................................................... 1 
 
1 Introduction ................................................................................................................. 3 
1.1 Evacuation and flood events ........................................................................................ 3 
1.2 Issues and dilemmas for evacuation ............................................................................ 6 
1.3 Objectives of this thesis ............................................................................................. 11 
1.4 Methodological choices and assumptions ................................................................... 11 
1.5 Overview of this thesis ............................................................................................... 16 
2 Understanding of evacuation and definitions ............................................................. 19 
2.1 Use of the term evacuation in the literature and practice ........................................... 19 
2.2 The need for a realistic perspective on evacuation in flood risk management ............ 22 
2.3 History and literature of evacuation reveals different types of evacuation .................. 31 
2.4 definitions for different types, processes and zones for evacuation ........................... 32 
2.5 The Dutch delta area as a (non) reference for other delta areas ................................. 36 
2.6 Concluding remarks ................................................................................................... 43 
 
 
Part II: Evacuation framework ............................................................................................ 45 
 
3 Transition phase: from day-to-day life to evacuation mode ........................................ 47 
3.1 Four elements in a framework to describe the consequences of evacuation ............... 47 
3.2 Potential for coordination in the case of an event-driven or threat-driven response ... 49 
3.3 Top strategic decision making during the transition phase ......................................... 52 
3.4 Conceptual description of evacuation for threat driven response ............................... 57 
3.5 Dealing with uncertainties during decision making ..................................................... 59 
3.6 Concluding remarks ................................................................................................... 60 
4 Element I of framework evacuation: Threat & Impact ................................................. 61 
4.1 Introduction to threat and impact scenarios ............................................................... 62 
4.2 Scenarios for emergency planning: classes for time and size ..................................... 64 
4.3 The need for probabilistic emergency planning .......................................................... 65 
4.4 Case study: Development of matrix of threat and impact scenarios for emergency 
planning in the Netherlands ....................................................................................... 66 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
XXX B. KOLEN  
4.5 Frequencies of mass evacuation events and flooding events and the definition false 
alarms and missed calls ............................................................................................. 75 
4.6 Concluding remarks .................................................................................................... 79 
5 Element II of framework evacuation: Decision making by authorities .......................... 81 
5.1 Introduction in decision making for mass evacuation ................................................. 81 
5.2 Challenges for a decision makers: a reflection to the Dutch context as a illustrative 
case for low frequent events with high impact ........................................................... 82 
5.3 Key information for top strategic decision making for evacuation ............................... 84 
5.4 Key factors in decision making process that affect strategy ........................................ 88 
5.5 Expectations of decision makers with regard their own decisions ............................... 89 
5.6 Case study: Exercise “Waterproef” .............................................................................. 90 
5.7 Impact of uncertainty in decision making processes for preparation ........................... 97 
5.8 Concluding remarks .................................................................................................... 99 
6 Element III of framework evacuation: The environment and traffic-infrastructure ...... 101 
6.1 Introduction .............................................................................................................. 101 
6.2 Use of capacities of infrastructure during evacuation ................................................ 102 
6.3 Evacuation in case of large scale coastal flooding in the Netherlands ....................... 103 
6.4 Road capacities for evacuation in perspective ........................................................... 109 
6.5 Concluding remarks .................................................................................................. 111 
7 Element IV of framework evacuation: Citizens response ........................................... 113 
7.1 Introduction .............................................................................................................. 114 
7.2 Review of the citizens’ response relative to the effectiveness of an evacuation ........ 115 
7.3 Case study: consequences of the citizen response to evacuation in the Netherlands 121 
7.4 Impact of the citizens’ response on the effectiveness of evacuation ......................... 127 
7.5 Concluding remarks .................................................................................................. 130 
 
 
Part III: Rational decision making for evacution as layer of flood risk  
management ............................................................................................................ 133 
 
8 Introduction in cost-benefit perspective for emergency management as part of flood 
risk management ...................................................................................................... 135 
8.1 Cost-benefit approach to flood risk management: an introduction ............................ 136 
8.2 Non-economic reasons for emergency preparation to reduce the loss of life ............. 137 
8.3 Land use planning in perspective ............................................................................. 137 
8.4 Loss of life in cost-benefit analyses .......................................................................... 138 
8.5 Concluding remarks with regard to the acceptable level of risk ................................ 139 
9 System design: An economically optimal investment strategy for a multiple layer flood 
risk approach ........................................................................................................... 141 
9.1 Introduction .............................................................................................................. 141 
9.2 Method to select cost effective measures ................................................................. 142 
9.3 Description of the reference situation ....................................................................... 143 
9.4 Composition of multiple layer safety strategies ........................................................ 143 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
  B. KOLEN XXXI 
9.5 Numerical examples for the Netherlands ................................................................... 147 
9.6 Concluding remarks .................................................................................................. 154 
10 Crisis management: Cost-benefit approach for decision making during  
a crisis ...................................................................................................................... 157 
10.1 Introduction .............................................................................................................. 157 
10.2 Methodology to define minimal required conditional probability of flooding to call for  
evacuation ................................................................................................................ 158 
10.3 Reflection on the Waterproef exercise in the Netherlands .......................................... 164 
10.4 Required conditional probability of flooding for warning and transition phase prior to 
the call for evacuation .............................................................................................. 167 
10.5 Impact on emergency structure ................................................................................. 170 
10.6 Evacuation – iso – graphs .......................................................................................... 175 
10.7 Concluding remarks .................................................................................................. 177 
 
 
Part IV: Adaptive Evacuation planning .............................................................................. 181 
 
11 General introduction to adaptive evacuation planning ............................................... 183 
11.1 Introduction: evacuation planning ............................................................................. 183 
11.2 Criteria for ‘being prepared’? ..................................................................................... 185 
11.3 Review of models for evacuation and loss of life estimation ..................................... 187 
11.4 Overall planning approach for adaptive evacuation planning ..................................... 193 
11.5 Concluding remarks .................................................................................................. 195 
12 EvacuAid: Consequences of different strategies for evacuation in an area ................. 197 
12.1 Introduction .............................................................................................................. 198 
12.2 Methodology EvacuAid .............................................................................................. 198 
12.3 Case study: implementation of EvacuAid for the Netherlands .................................... 204 
12.4 Case study: Evacuation fraction and impact of investments for the Netherlands ....... 213 
12.5 Concluding remarks .................................................................................................. 217 
13 Overall strategy building for mass evacuation: Strategy builder ................................. 221 
13.1 Introduction .............................................................................................................. 221 
13.2 Methodology “Strategy Builder Evacuation” ............................................................... 223 
13.3 Numerical examples of methodology “strategy builder” ............................................ 228 
13.4 International assistance for mass evacuation in the case of threat-driven response .. 230 
13.5 Evacuation of people with special needs ................................................................... 235 
13.6 Concluding remarks .................................................................................................. 247 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
XXXII B. KOLEN  
 
Part V: Main results ......................................................................................................... 249 
 
 
14 Conclusions and recommendations ........................................................................... 251 
15 Reflection on the implications for evacuation preparation as part of flood risk 
management in the Netherlands ............................................................................... 259 
16 Acknowledgements ................................................................................................... 265 
17 References ................................................................................................................ 267 
 
 
Appendix A: Bibliography ................................................................................................. 285 
Appendix B: Definitions .................................................................................................... 289 
Appendix C: The Dutch delta revisited: a representative delta .......................................... 293 
Appendix D: Evacuation Fractions for the Netherlands ..................................................... 303 
Appendix E: Results for different scenarios of citizens response ...................................... 305 
 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
  B. KOLEN XXXIII 
List of tables 
Table 1: 4 classes to describe the impact of a scenario ............................................................................ 68 
Table 2: Consequences of floods with different hydraulic loads (HKV 2012) ............................................. 69 
Table 3: Probability distribution available time for evacuation based on forecasts and decision 
making (Maaskant et al. 2009). ............................................................................................................. 71 
Table 4: Different classes for impact ........................................................................................................ 72 
Table 5: Classes and probability of the available time for the movement phase of evacuation for 
different areas in The Netherlands ........................................................................................................ 73 
Table 6: Determine the importance of each item to the decision-making process about mass 
evacuation on a scale of 1 to 5 (1 = no importance, 2 = less important, 3 = important 4 = very 
important 5 = most important). ............................................................................................................. 85 
Table 7: What are the 3 factors that contribute most to whether an evacuation decision was "right" 
in (1) in a situation after a flood and (2) after a situation when the flood did not occur? .................... 86 
Table 8: What is the impact of other events in the society on the outcome of the decision-making 
process for mass evacuation? ................................................................................................................ 87 
Table 9: In a situation when the forecast models show the first indications of a possible flood 4 
days in advance and the time required for a successful preventive evacuation is approximately 
one day: When (1 = Certainly, 2 = Probably, 3 = Probably not, 4 = Not at all) should you decide to 
(A) start to develop several alternatives for evacuation for later decision making, (B) advise the 
public to evacuate and (C) call for a mandatory evacuation? ................................................................ 88 
Table 10: What probability of flooding is necessary to be able to choose a certain type of evacuation 
in a situation 1.5 day before the possible flooding with the knowledge that 1 day is required at 
minimum? ............................................................................................................................................. 89 
Table 11: How should you respond as a citizen, as a member of a family, to a call for evacuation by 
the authorities in a situation when the possibility to evacuate preventively exists but you are 
ordered to respond alternatively (yes or no)? ....................................................................................... 90 
Table 12: Different strategies for evacuation and population part supposed to leave or stay behind ...... 104 
Table 13: Number of people in each strategy (x 1,000 people) ................................................................ 107 
Table 14: Different figures of % of people who evacuate preventive or will stay behind ......................... 107 
Table 15: Required time in hours for transportation in case of several strategies of evacuation for 
several forms of traffic management .................................................................................................... 108 
Table 16: Required time in hours for transportation of 50% and 90% of the population transportation 
in case of several strategies of evacuation for several forms of traffic management ............................ 108 
Table 17: Time required in hours for transportation during preventive evacuation, differentiated 
according to coastal areas in relation to evacuation strategy (maximum preventive evacuation and 
minimum preventive evacuation) and the form of traffic management. .............................................. 109 
Table 18: Parameters in sensitivity analyses of the consequences of the citizens’ response .................. 122 
Table 19: Required time in hours for evacuation for different intervals for the area of Zealand and 
the South Holland Islands .................................................................................................................... 123 
Table 20: Required time in hours to complete the evacuation for all scenarios in the area of Zealand 
and the South Holland Islands.............................................................................................................. 125 
Table 21: % change compared to the reference scenario to complete the evacuation for all scenarios 
in the area of Zealand and the South Holland Islands .......................................................................... 125 
Table 22: Evacuation fraction related to improvements in preparation. ................................................... 149 
Table 23: Optimal level of prevention in one- and multiple layer safety approaches that focus on 
reducing loss of life (Strategy A) .......................................................................................................... 151 
Table 24: Total costs in M€ for values of crest level h and reduction of loss of life s . ........................... 151 
Table 25: Optimal level of prevention in a multiple layer safety approach that reduces the damage 
by 25% because of land use planning (strategy B) ............................................................................... 152 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
XXXIV B. KOLEN  
Table 26: Risk reduction by land use planning ........................................................................................ 153 
Table 27: Combination of all layers (strategy C) ...................................................................................... 154 
Table 28: Numerical examples for t
P
 to call for evacuation .................................................................... 162 
Table 29: Sensitivity analysis for numerical examples for the objective of minimising the economic 
costs, including the value of the loss of life ......................................................................................... 163 
Table 30: Probability (%) to call for evacuation for different numbers lives saved because of the 
delay in the decision time .................................................................................................................... 167 
Table 31: Thresholds for probability (%) for the measures if warning (phase 1) and the go or no-go 
decision (end phase 2) for evacuation ................................................................................................. 169 
Table 32: Thresholds for probability (%) for the measures to initiate phase 2 and the go or no-go 
decision (end phase 2) for evacuation ................................................................................................. 169 
Table 33: Relationship between probability and loss of life in numerical example for the probabilistic 
approach .............................................................................................................................................. 174 
Table 34: t
P
 to call for evacuation using a deterministic approach and a probabilistic approach with 
the objective to minimise the loss of life taking different flood scenarios into account. ...................... 174 
Table 35: t
P
 to call for evacuation using a deterministic approach and a probabilistic approach with 
the objective to minimise the economic damage including the economic value for loss of life 
taking different flood scenarios into account related to the prevented loss of life and economic 
damage. ............................................................................................................................................... 175 
Table 36: Evacuation models ................................................................................................................... 188 
Table 37: parameters in model EvacuAid ................................................................................................. 201 
Table 38: Uncertainty in state variables 1 5
( ,..., )x x
. ............................................................................... 203 
Table 39: 6 , , 7 , , 8 , ,
,  and j k j l j mP P P : the probability of each scenario j  related to ,  and C A I and 
,  and k l m  in the application of EvacuAid in the Netherlands. .......................................................... 207 
Table 40: 1, 2, 3,
,  and k l mW W W in the application of EvacuAid in the Netherlands. ................................. 208 
Table 41: Loss of life (rounded to tens) in case of preventive evacuation. .............................................. 209 
Table 42: Loss of life (rounded to tens) in case of vertical evacuation. ................................................... 210 
Table 43: Probability distribution time for evacuation based on forecasts and decision making after 
investments in emergency management. ............................................................................................. 214 
Table 44: Evacuation fraction (preventive evacuation only) after investments in emergency 
management for a medium and maximum approach ........................................................................... 215 
Table 45: Evacuation fraction (preventive evacuation only) after investments in additional road 
capacity for evacuation ........................................................................................................................ 216 
Table 46: Evacuation bricks per areas in the evacuation zone ................................................................. 228 
Table 47: EU FloodEx 2009 response mechanisms.................................................................................... 232 
Table 48: Background on conditions of parameters for evacuation of people with special needs 
using strategies .................................................................................................................................... 241 
Table 49: Parameters for evacuation of people with special for preventive evacuation and shelter in 
place .................................................................................................................................................... 243 
Table 50: Figures for fatalities in a hospital ............................................................................................. 244 
Table 51: Mortality rates (on a scale of 0 to 1) for people with special needs in hospitals for an 
event of 4 days .................................................................................................................................... 245 
Table 52: Loss of life in the case of an evacuation event for a flood with or without additional 
preparation .......................................................................................................................................... 246 
Table 53: Expected loss of life per year for different strategies for evacuation of people with special 
needs in hospitals ................................................................................................................................ 247 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
  B. KOLEN XXXV 
List of figures 
Figure 1: Timelines for evacuation for different events............................................................................... 5 
Figure 2: A decision maker for mass evacuation and a football coach. ...................................................... 7 
Figure 3: Overview of this thesis based the framework for evacuation. .................................................... 18 
Figure 4: Threat- and event-driven response ............................................................................................ 33 
Figure 5: Different types of evacuations ................................................................................................... 34 
Figure 6: Conceptual approach of zones for evacuation ........................................................................... 35 
Figure 7: Flooded highway during a period of extreme water levels in 1995 and the evacuation of 
the area of Rivierenland ........................................................................................................................ 37 
Figure 8: Contra flow system in New Orleans (Picayune 2007) ................................................................. 38 
Figure 9: The areas affected by the floods in Charente-Maritime (Charente-Maritime 2010). .................... 39 
Figure 10: Overview of the tsunami survey results and impact of the tsunami in meters (JSG 2011) ........ 40 
Figure 11: Path of hurricane Irene (Wikipedia 2013). ................................................................................ 41 
Figure 12: Brisbane flooding (The-Sydney-Morning-Herald 2012) .............................................................. 42 
Figure 13: Phase 1 Warning: Probability distribution of lead time ............................................................. 54 
Figure 14: Phase 1 Warning: Probability distribution of time needed for sense making, planning and 
decision making given a moment of detection and warning. ................................................................ 55 
Figure 15: Effectiveness of top strategic decision making related to the autonomous response of 
citizens’ over time. ................................................................................................................................ 56 
Figure 16: Conceptual description of evacuation for threat driven response ............................................ 58 
Figure 17: Scenario for threat and impact with variety in the size of a flood and available time to 
onset of a flood. .................................................................................................................................... 65 
Figure 18: Different regions that combine dike ring areas threatened by the same event (Kolen and 
Wouters 2007) ....................................................................................................................................... 67 
Figure 19: Example of probability distribution of 4 different classes for impact ....................................... 69 
Figure 20: Example of classes and probability distribution of available time for evacuation .................... 72 
Figure 21: Matrix of scenarios based on uncertainty in impact and time ................................................. 74 
Figure 22: The frequency of decision making, evacuations and disasters ................................................. 79 
Figure 23: Scenario of exercise Waterproef related to the matrix of scenarios .......................................... 92 
Figure 24: Strategy (in Dutch) for preventive evacuation presented by national operational staff for 
the areas Fryslan and Groningen (Frl&Gr), Noord Holland Noord (NHN) and Zeeland (Berghuis 2008) ... 93 
Figure 25: Strategy (in Dutch) for preventive evacuation presented by national operational staff for 
the areas Haaglanden, Hollands Midden (Hld Midden) and Rotterdam Rijnmond (RR) (Berghuis 
2008) ..................................................................................................................................................... 94 
Figure 26: National Concept Traffic Management presenting routes from west to east and north to 
south and shelter areas (circles) (Holterman et al. 2009) ..................................................................... 105 
Figure 27: Threatened area (BZK and VenW 2008a). ................................................................................. 106 
Figure 28: Different time lines for communication to citizens after the detection of possible flood 
risk ....................................................................................................................................................... 119 
Figure 29: Zealand and the South Holland Islands ................................................................................... 123 
Figure 30: Bandwidth in required time in hours for evacuation in the reference situation for the 
maximum preventive evacuation (left) and the minimum preventive evacuation (right) for the 
area of Zealand and the South Holland Islands. ................................................................................... 124 
Figure 31: Contribution of loss of life for Total Costs (TC) for an area with high economic value and 
an area with low economic value. ........................................................................................................ 148 
Figure 32: Ensemble forecast as used for the exercise Floodex (LOCC 2009) ............................................ 171 
Figure 33: Forecast of hydraulic loads related to classes of threat and impact scenarios. ....................... 173 
Figure 34: Conceptual evacuation-iso-graph. ........................................................................................... 176 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
XXXVI B. KOLEN  
Figure 35: Evacuation-iso-lines that show the conditional probability to call for evacuation (the end 
of phase 2) for different values of the economic damage caused by evacuation. ................................ 176 
Figure 36: Evacuation-iso-lines that show the conditional probability of flooding to implement 
measures to create an evacuation mode call for different phases of evacuation assuming the 
prevented damage caused by evacuation is or 12 million €. ................................................................ 177 
Figure 37: Evacuation-iso-lines that show the conditional probability of flooding to call for  
different phases of evacuation assuming the prevented damage caused by evacuation is or 12,000 
million €. ............................................................................................................................................. 177 
Figure 38: Concept of the probabilistic model. The conditional probabilities , ,i j kP P P show the way 
in which the probability for the most optimistic situation can be defined as an illustration of the 
concept. ............................................................................................................................................... 192 
Figure 39: Adaptive (connected) evacuation planning during preparation and decision making .............. 194 
Figure 40: EvacuAid interface. ................................................................................................................. 199 
Figure 41: Focus area of EvacuAid during the transition phase in emergency planning and the 
decision-making process during a crisis (Rectangle indicates transition phase from normal to 
evacuation phase). ............................................................................................................................... 200 
Figure 42: Expected loss of life in dike ring 14 for vertical and preventive evacuation when   is 1 to 
3 days for different circumstances (best case when ( ,  or k l m have value 1), a worst case (value 
5) and average situation value 3)) related to the probability distribution of the available time for 
evacuation. .......................................................................................................................................... 211 
Figure 43: Expected loss of life in dike ring 6 (left) and 43 (right) for vertical and preventive 
evacuation when   is 1 to 3 days for different circumstances (best case when ( ,  or k l m have 
value 1, a worst case, an optimistic and average situation) related to the probability distribution 
of the available time for evacuation. .................................................................................................... 212 
Figure 44: Evacuation fraction (left) in the Netherlands according to EvacuAid with best case 
preparation and the increase in evacuation compared to the reference situation. ............................... 215 
Figure 45: Conceptual description of evacuation when vertical evacuation and shelter in place is 
considered as the basic (autonomous) strategy and preventive evacuation is considered as a 
bonus. .................................................................................................................................................. 220 
Figure 46: Information for decision makers for top strategic decision making ......................................... 227 
Figure 47: Traffic infrastructure in numerical example ............................................................................. 229 
Figure 48: Overview of exercise locations ................................................................................................ 233 
Figure 49: Different areas for the case study for evacuation of people with special needs ..................... 242 
Figure 50: Flood-prone area of the Netherlands (left) and dike ring areas and safety levels for 
protection (right) .................................................................................................................................. 293 
Figure 51: Risk diagram for the Netherlands (BZK 2010) showing the risks of different types of 
threats. ................................................................................................................................................ 294 
Figure 52: Concept of multiple layer safety in the Netherlands (IenM 2011). ........................................... 297 
Figure 53: Waterboards (left) and Safetyregions (right) ........................................................................... 298 
Figure 54: Network of local, regional and national organisations in flood preparedness within the 
responsibility of ministries of the interior and infrastructure and environment (in Dutch) (VenW 
and UVW 2010). .................................................................................................................................... 299 
 PART I 
INTRODUCTION  
IN EVACUATION 
 
 
 
 
Should I stay or should I go now? 
Should I stay or should I go now? 
If I go there will be trouble 
An’ if I stay it will be double 
So come on and let me know! 
 
(The Clash - Jones 1983) 
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1 Introduction 
 
 
Abstract 
Should I stay or should I go, trouble or double? No society or infrastructure-system is 
designed to be able to evacuate all of its people and goods in the case of a possible, low-
frequency flood scenario. This thesis focuses on evacuation of delta areas because of large 
scale flooding caused by storm surges, extreme river discharges, tsunamis and hurricanes. 
The capacities of infrastructure and emergency services are based on daily use and high 
frequent events. The number of emergency services and the availability of equipment are 
designed to be able to fulfil all duties during high-frequency events up to a disaster event 
that for example may occur average once in ten years. An event that occurs at a low 
frequency but has high consequences (such as flooding) can be characterised as a 
catastrophe. During a catastrophe, existing capacities are overwhelmed and unforeseen or 
unplanned events may occur. Priorities have to be set based on the use of the limited 
personnel and resources. 
 
Emergency measures such as evacuation can reduce the consequences (loss of life, damage) 
in the case of a disaster and therefore reduce the risk. The risk is defined as the probability 
of the event multiplied by the consequences. Other measures can reduce the risk as well, 
including protection measures (improve dikes or levees) and the implementation of land use 
planning or building codes. When budgets are limited to fulfil all needs (which are often the 
case) emphasis will be placed on the need to invest in most efficient measures. 
 
Preparation for evacuation can influence the performance of evacuation and reduce loss of 
life in case of a disaster. Preparation for evacuation focuses on creating better circumstances 
for those who move to safer places given the actual circumstances. When weather and water 
forecasts are available, as might be the case for many flood events, people can move to safer 
places before the onset of the flood. During the process of decision making for evacuation, 
choices are made about when and how to implement the appropriate measures. The design 
of the infrastructure-system, as well as emergency planning and risk perception, is the fixed 
and cannot be influenced during an event (however, these can be influenced before the event 
by preparation and design rules). 
 
The objective of this thesis is to improve the understanding of evacuation, the development 
of alternative strategies for evacuation in the case of flood risk management to minimize 
costs and loss of life. This thesis focuses on 1) the effectiveness of evacuation and the impact 
of uncertainty 1) development of multiple layer safety strategies in which evacuation is a 
part of flood risk management, 3) realistic evacuation planning for low frequent events using 
knowledge of uncertainties 4) crisis decision making and the role of uncertainties. 
 
 
1.1 Evacuation and flood events 
 
Floods are often described as the most deadly of all natural disasters (Alexander 1993). Risk is 
in this thesis defined as the probability x the consequences. Risk analyses in the Netherlands 
(BZK 2010), the US (Van Heerden and Streva 2004), the UK (Cabinet-Office 2008) and France 
(Defense 2004) provide several examples of the high risk of flooding in developed countries. 
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Evacuation is a measure to potentially reduce the loss of life and damage to movable goods. 
Examples are industrial or logistic processes in the case of a disaster, movable goods in 
houses or the removal of people and animals. Evacuation by itself will also disrupt economic 
and social processes, and it can result in loss of life as well. Evacuation is briefly introduced in 
this chapter, and it is discussed in more detail in section 2. 
 
Evacuation is defined as the process of alerting, warning, deciding, preparing, departing and 
(temporarily) holding people, animals, personal belongings and corporate stock and supplies 
from an unsafe location at a relatively safer location given the actual circumstances. This 
definition is based on a review of the literature describing evacuation (see section 2). 
 
The relationship between the available time and the required time strongly influences the 
consequences of evacuation. The available time is defined as the period between the 
beginning of the evacuation and the onset of the disaster (Jonkman and Kelman 2005; 
Barendregt et al. 2005; Jonkman 2007; Kolen and Helsloot 2012b). In general the available time 
is related to the consequences (Alexander 2004). Because of uncertainties in the flood 
forecasts, different mechanisms of failure of levees and different hydraulic loads, it has been 
shown that the worst credible events (ten Brinke et al. 2010) may be smaller events, and the 
lead time can vary from days to no lead time at all in the case of unforeseen events 
(Barendregt et al. 2005; Jonkman 2007). 
 
The available time depends on the combination of the availability of forecasts, time for 
decision making and implementation to the disaster (Kolen and Helsloot 2012b; Jonkman 2007; 
van Zuilekom et al. 2005) as illustrated in Figure 1. The window of time between the moment 
of detection and first warning (Td) and expected moment of failure of flood defenses is 
defined as the lead time. The period between the moment of decision making (Tc) and when 
these chosen measures are implemented (Tt) is called the implementation period. The period 
between the moment when measures are implemented and the expected onset of a flood (T0) 
is de available time for evacuation. Because of uncertainty these moments, and the period 
between these moments can vary in different events, Figure 1 illustrates this by the event A 
and event B. 
The required time is defined as the period necessary to complete the execution of a strategy. 
Figure 1 illustrates the critical moment to call for preventive (rTp) or vertical evacuation (rTv) 
because of the time needed to execute these strategies.  
In the case of flooding, when the required time might be less than the available time 
(Jonkman 2007; Wolshon 2006; Barendregt et al. 2005; Kolen and Helsloot 2012b), other 
strategies than preventive evacuation might be more attractive or successful as illustrated in 
Figure 1. For event B a preventive evacuation cannot be completed any more before the 
expected onset of a flood. Different strategies for evacuation therefore have different critical 
timelines for decision making. 
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Figure 1: Timelines for evacuation for different events 
When more time is used for decision making the effectiveness of evacuation will decline. A 
delay in a decision can be considered a decision that influences the consequences of a 
strategy in terms of loss of life and social and economic impact (Bourque et al. 2006; Kolen 
and Helsloot 2012b). This is because the expected moment of occurrence of the event does not 
change. In addition during a delay of decisions about implementation of measures for 
evacuation, autonomous response of citizens or organisations with a daily operational duty (as 
police and fire services or traffic controllers) make decisions based on their daily duty. This 
can result in an increase of the load on infrastructure, already reallocate and use personnel 
and resources etc. The combination of them reduced the effectiveness of nearby future 
decisions about evacuation. 
However, human action as evacuation can also result in a (local) higher risk for loss of life and 
more economic damage than without these human action (for example to drive in the 
direction of a high risk area instead of a low risk area). Human actions can also be influenced 
due to incidents during the evacuation, such as road accidents, pick up of families, and stops 
during travel and failure of the logistic process of emergency services or supply of gas 
stations. 
When people are exposed to the consequences of a disaster as a flood event during an 
evacuation (e.g., in a car or while walking), they might be more vulnerable than when they 
are not exposed because they left the area or when they are protected by structures such as 
buildings. A better understanding of the consequences of evacuation as presented in this 
thesis could reduce the costs and loss of life and improve the benefits of evacuation.  
 
This thesis describes an approach to develop adaptive evacuation planning to minimise the 
loss of life. This approach is developed using case studies for the Netherlands and described 
based on the knowledge of worldwide evacuation events, such as those in the US-Louisiana 
(Katrina, Rita, Gustav), in Japan (the Tohuko Tsunami in 2011), in France (Xynthia (2010), in the 
Summer floods of 2007 in the UK and in the evacuation of the area of Rivierenland in the 
Netherlands in 1995 and the flood of 1953 in the southwest region of the Netherlands.  
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1.2 Issues and dilemmas for evacuation 
 
Adaptive evacuation planning requires a better understanding of the relevant issues and 
dilemmas that influence the consequences of evacuation. Evacuation is only relevant in the 
event of a (potential) risk and when this risk can be reduced by the movement of people, 
animals and movable goods. Evacuation can begin after signals of a threat within the context 
of the actual circumstances (including the capacity of the infrastructure, risk perception, 
planning, etc.). An example of an early warning in the case of natural hazards, such as 
flooding, chemical accidents, building fires or terrorist attacks, is a warning issued by 
authorities based on forecasts. Whether the warning is early or not depends on the available 
time to the disaster and to the required time to execute a measure. 
This paragraph introduces some issues and dilemmas that have a role in evacuation planning 
and that are further explored in this thesis. In the final conclusion, a reflection is given on 
these issues and dilemmas. Additionally, a ‘leaflet for emergency planning’ is developed to 
support decision makers and emergency planners as they prepare for evacuation. 
 
Mass evacuation differs from smaller forms of evacuation such as an evacuation because of 
the removal and detonation of World War II bombs. Mass evacuation is considered to be the 
complete evacuation of an area in a situation where the initiator of the evacuation cannot 
decide about the onset and size of the disaster in advance. Mass evacuation includes the 
following factors: 
 Involvement of multiple stakeholders (at least one stakeholder who initiates the 
(spontaneous) evacuation and one who must evacuate); 
 (Possible) congestion in the available infrastructure that limits the possibility for timely 
transportation; 
 A shortage of rescue services and rescue equipment and the necessary capacities for 
control. 
 
A matter of size. As the size of an evacuation increases, its complexity also increases. The 
number and variety of stakeholders involved increase with equal or conflicting responsibilities 
or interests. Mass evacuation and the consequences of disasters do not correspond to safety 
standards or administrative borders. Conflicts may arise as a result of the existence of 
multiple, valid ways of framing a problem (Dewulf et al. 2005), and decisions may be 
influenced by different approaches (situational awareness and understanding of the decision 
making process in situations of high complexity or uncertainty) (Boin et al. 2005). As the size 
of the logistic operation increases, so does the risk of failure. For the Netherlands, a coastal or 
river flood is considered to be a national crisis (Helsloot and Scholtens 2007) and even 
international procedures in the European Union have been developed (LOCC 2010a, 2010b) and 
tested (Beerens and Schneider 2011). In addition, a mass evacuation due to a possible flood 
can be considered a national crisis for the Netherlands (Kolen and Helsloot 2012b). Even in the 
United States, mass evacuation due to a hurricane requires involvement of different levels as 
municipalities and parishes as New Orleans, states as Louisiana or Mississippi and the federal 
level (Parker et al. 2009). The role of the federal level could be seen during Hurricane Irene 
and the 2012 evacuation of New York when President Obama was involved in the 
communication to the public as part of an approach to show that all authorities are aware and 
cooperate. 
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ANALOGY BETWEEN PREPARING FOR EVACUATION AND A SOCCER COMPETION 
An analogy can be made between the role of an evacuation planner and that of a coach or trainer of a 
top-soccer team. Before the start of the final match deciding to the championship, a trainer can define 
the best team for the job. The trainer studies the opponent and plans a strategy for how best to 
approach the match. The trainer selects the eleven best players for the team, the best substitutions 
and trains for special situations, such as free kicks, knowing the capacities of the opponent. 
 
 
Figure 2: A decision maker for mass evacuation and a football coach 
During the match, the trainer’s influence is limited. The trainer of the opposing team will also try to 
win the match and anticipate the strategy. The players will be influenced by the media and the crowd 
in the stadium (think about 100,000 persons in a final). During the match, the fans will make noise, 
which may limit the ability of the trainer to give instruction while the game is taking place. During the 
course of the match, the trainer can make three substitutions, and during half time, the trainer has 15 
minutes to give further instructions. 
During the season, the trainer has more influence. The trainer can try to obtain additional players for 
the team who have necessary capacities (talent, motivation, power etc.), however budgets might be 
limited. The trainer can educate and train the team for many days and weeks to develop special 
tactical and physical skills that will be useful when facing different opponents. 
 
Similarly, in evacuation planning, the decision maker must decide when and how to evacuate. He will 
have some indications about the possible threat, but the exact characteristics will be unknown (as the 
opponent in the final). During the evacuation, a mass event, the decision maker can only make a few 
adjustments because of difficulties in the organisation and implementation of such changes. 
Therefore, the choice of the strategy (the eleven players on the team, the tactics and the 
substitutions) is the most important combined with the preparation in advance taking into account 
limited budget and maybe even limited awareness. The decision maker fully depends on the quality 
of the preparation: are people willing and aware of what they are supposed to do and are measures 
connected to each other so the evacuation is a team effort. 
 
Evacuation can be costly with respect to time, money, and credibility (Bourque et al. 2006). 
Evacuation is a possible response to the threat of flooding. When an evacuation begins too 
late, not all evacuees may be able to leave the area or arrive at a safe destination in time 
(Jonkman 2007; Barendregt et al. 2005; Urbina and Wolshon 2003; Kolen and Helsloot 2012b). 
The response to Hurricane Katrina in New Orleans in 2005 demonstrated that people and goods 
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that can be moved might be saved by preventive evacuation, but non-movable goods will 
nonetheless be affected by the flood, and the economic processes will come to a halt (Vrijling 
2009). The costs of evacuation due to hurricanes in the United States can exceed one million 
dollars per mile of coast as a result of losses in commerce and productivity as well as direct 
losses (Wolshon et al. 2005). Credibility relates to concerns about the quality and sources of 
information, the discrepancy between timely warnings and later but more accurate warnings 
(Dow and Cutter 2000), and the impact of false alarms (Gruntfest and Carsell 2000). Authorities 
have to make a threat off between the costs and possible benefits of evacuation when the 
disaster occurs. 
 
Decisions regarding evacuation have large consequences. Societies can cope with many types 
of disturbances (Rasmussen 1997). If disturbances cause consequences that cannot be 
controlled or minimised by working processes of authorities, then these processes can be 
changed by the implementation of crisis management structures. The decision-making process 
for mass evacuation is characterised by short reaction times and requires consideration of the 
probability of a certain impact, possible life-and-death situations and the economic impact. 
Therefore the situation has to be considered a crisis. A crisis is defined as ‘a serious threat to 
the basic structures or the fundamental values and norms of a system, which under time 
pressure and highly uncertain circumstances necessitates making vital decisions’ ((Rosenthal 
et al. 1989), p10)’. A flood because by a dike breach caused by a storm surge or extreme 
discharge in rivers can be considered a national crisis for the Netherlands (Helsloot and 
Scholtens 2007). Because of its impact (see section 10), a mass evacuation can also be 
considered a disaster event caused by a decision that affects the fundamental values and 
norms of a system (in the zone that must be evacuated and in the zone that is affected by 
the use of the infrastructure and resources). A decision to evacuate before the onset of a 
disaster means that the decision makers will cause a crisis to reduce the consequences of a 
potentially worse event (a flood).  
 
False alarms or planned measures. Criteria to activate emergency planning and different 
phases that indicate the status of the situation of flooding and mass evacuation are in many 
cases based on forecast about expected water levels or expected flooding. Thresholds are 
defined to determine when to inform and alert the decision makers and to form teams for 
decision making on different levels. For example, level 1 in the national emergency planning of 
flooding focuses on measures to strengthen dikes and monitor the strength, level 3 focuses on 
measures for evacuation because of the probability of flooding and limitations in the 
measures available to reduce the probability. These thresholds are designed based on the 
philosophy of better safe than sorry. Because of the extreme consequences of a flood, 
measures are taken in advance to reduce the probability and consequences of a flood (see for 
an example in the Netherlands the National Plan for Extreme Water Levels and Flooding (VenW 
and UVW 2010) and in the United States the hurricane evacuations prior to landfall). Therefore, 
crisis teams of authorities meet more frequently than flooding and evacuation occur. The 
decision not to evacuate will be made more often than the decision to evacuate because of 
the chosen structure. The frequency of evacuation is also higher, because of the better safe 
than sorry policy, than flooding.  
 
Literature discusses false alarms in relation to the occurrence of a flood. When a flood does 
not occur in a case where the decision makers decide to evacuate, this is often defined as a 
false alarm (Gruntfest and Carsell 2000). When a flood occurs but no warning is issued while 
forecasting was available, it is called a missed call.  
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It can be discussed if whether these definitions are correct when decisions are based on 
defined criteria using (early) warnings with thresholds based on a better safe than sorry 
philosophy. Decisions based on defined thresholds or structures taking uncertainties into 
account are not considered to be false, regardless of whether the flood occurs. A decision is 
only false when it is based on wrong information (e.g., forecasting models) or when 
procedures are not used correctly.  
 
Multiple stakeholders are involved. In the case of a mass evacuation event, decisions will be 
made by multiple actors, including authorities, citizens and private organisations. In the case 
of a mass evacuation, citizens are likely to significantly outnumber first responders (including 
the capacity of the army).  
Whereas the responsibilities of several governmental organisations are normally spread over 
multiple organisations, in the event of a mass evacuation, the decisions of various 
organisations must be coordinated when the impact of these decisions affects other actors 
and the overall strategy. The evacuation of a system is complex because the responsibilities 
are assigned to multiple independent organisations. During normal day-to-day life, these 
organisations work relatively independently. Initially emergency organisations and rescue 
workers respond primarily, as during ordinary situations. In the case of a mass evacuation, 
they are directly confronted with each other’s decisions. Emergency structures aim to connect 
all measures to achieve overall goals as reduction of loss of life, damage etc., the 
effectiveness of a central line of command and control that covers multiple organisations and 
teams is limited, especially when it is used less frequently (Helsloot and Ruitenberg 2004; 
Scholtens et al. 2009; Scholtens 2008; Dynes 1994). When making judgments about 
implementing measures, authorities should consider the consequences of limitations in 
coordination and command and control. The theory that describes the process of decision 
making within a network of multiple organisations is called distributed decision making 
(Rasmussen et al. 1991). When relevant stakeholders have contact with each other, in theory 
an optimal decision-making process can be implemented in which the right people work on 
the right objective at the right moment with the right information (Aldunate et al. 2005).  
 
Criteria to test evacuation planning. Because of the low probability of a mass evacuation and 
flooding, there is a continuous struggle to maintain the awareness of the decision makers (ten 
Brinke et al. 2008b). Due to the low probability of these events, the likelihood that decision 
makers are confronted with these problems is also limited. The period of a career of a decision 
maker might be far less than the return period of mass evacuation or flooding. Therefore, 
attention can shift to other more immediate problems, and planning for evacuation can 
become symbolic when the plans are not tested. The need to have (some) planning 
documents and corresponding exercises is often set by law. Requirements focus often on 
(internal) procedures. However, requirements related to the consequences of evacuation 
planning (such as risk reduction or people that can be evacuated) may not be available, and 
assumptions are sometimes used in risk analyses. This can be illustrated by the evacuation of 
New Orleans because of hurricane Katrina and the evacuation of 1995 in the river area in the 
Netherlands. The success or failure of the evacuation cannot be related to earlier defined 
criteria but is related to decision making processes and depends on the perspective of the 
persons involved as local or national decision maker or a researcher.  
 
Adaptive use of infrastructure and available emergency equipment and personnel. While 
authorities and citizens conduct their measures, they will be confronted with the (combined) 
consequences of the measures taken by others. All are using the same infrastructure, 
resources and personnel. The combined consequences might create overloads on 
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infrastructure (and congestion) and equipment and personnel might not be available. This 
limits the possibilities to execute measures as expected. The increase of travel time will also 
decline the effectiveness of use of equipment when transportation is needed. Capacities might 
be available but not in the right place, and transportation to this location may not be possible 
because of congestion or limited personnel. Authorities and citizens can influence the 
available capacity of the available means. For example, authorities can adapt the use of the 
infrastructure to support measures such as evacuation (and limit activities).  
Investigations conducted after fires in buildings show that because of a lack of understanding 
of the threat by citizens incorrect expectations about the infrastructure, people put themselves 
in (more) danger as they respond to the threat (Proulx 2001b). Because of the perception of 
the low risk of flooding in the Netherlands (Terpstra 2009) and the complex logistic operation 
of a mass evacuation, this can also be expected of flooding in the Netherlands. Each flood 
event shows that people stay behind in the area because they had other expectations about 
the event.  
 
Citizen responses may also be hindered by authorities and rescue workers because of their 
response. For example, routes that are only available for rescue workers might produce better 
circumstances for emergency equipment but limit the possibilities for a citizen to move. For all 
measures the positive consequences of the activities by the emergency services should be 
related to the negative impact because of these measures. The question is what approach will 
be more effective to reduce the risk or loss of life – for example should an extra lane be used 
so that rescue workers can enter the area, or should the emergency services not enter the 
area and can the same lane be used to allow the outflow of citizens? 
 
Evacuation planning and decision making is influenced by uncertainties. Uncertainties can be 
seen in the development of the event (the threat and consequences), the citizens’ response, 
the response of all authorities spread over different (semi-public) organisations and the 
performance of physical infrastructure. A better understanding of heuristics and biases 
benefits decision making in uncertain situations (Tversky and Kahneman 1974). This results in 
a better insight into the consequences of evacuation in certain circumstances and might result 
in other strategy choices. The definition of the types of uncertainties is subject to considerable 
debate in the literature (for an overview, see (Walker 2003)).  
 
A common distinction is made between the following (Brugnach et al. 2008): 
 The ontological nature of uncertainty is described as the inherent variability or 
unpredictability of the system. Examples are the development of the weather and a 
flood. The use of forecasts shows possible developments, but it provides no guarantee 
that these will occur. Another example is the occurrence of car accidents during a mass 
evacuation. During a normal day, multiple car accidents occur with material and 
physical damage as well as fatalities. In the case of a mass evacuation, these accidents 
will also occur, but the moment and location cannot be planned in advance; 
 The epistemic nature of uncertainty is described as the imperfect knowledge about a 
system. Examples are the consequences of the citizens’ response and calls for 
evacuation on the load of the road network. Another example is the development of a 
flood due to uncertainties in the size of the breaches, the influence of local and regional 
levees and elevated bodies, such as high roads and railways.  
 
Additionally, ambiguity might influence the effectiveness of evacuation. Above all, decision 
makers are accustomed to taking measures in their own organisation, and they will focus on 
measures that are familiar to them. This means that it cannot be guaranteed that a strategy 
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will be executed as foreseen because all kind of decision still have to made after strategies 
are made. Due to ambiguity, it cannot be guaranteed that all relevant stakeholders will act as 
foreseen when the decision were made. Decision makers (response for authorities) and crisis 
managers can simultaneously provide multiple frames of reference regarding a certain 
phenomenon (called ambiguity, see for example section 5.3).  
 
 
1.3 Objectives of this thesis 
 
The overall objective of this thesis is to increase the understanding of evacuation and how to 
deal with uncertainties with regard to flood risk management. This knowledge contributes to 
adaptive evacuation planning as introduced in this thesis. This overall objective is specified in 
six objectives: 
1. Develop a set of definitions for evacuation, including different types of evacuations; 
2. Define what is understood by ‘being prepared’ and how the effectiveness of evacuation 
planning can be related to specific requirements in a risk based approach; 
3. Develop an model that describes the effectiveness of evacuation strategies as 
preventive and vertical evacuation that takes uncertainties into account; 
4. Define an risk based approach for decision makers to select measures of different layers 
as prevention, land use planning or evacuation and emergency management to design a 
system with regard the acceptable level of risk; 
5. Define a crisis management approach for decision makers (using thresholds) to call for 
the ‘go or no-go’ decision for evacuation as well as thresholds for other phases of 
evacuation planning; 
6. Develop an adaptive approach for evacuation planning and decision making for low 
frequent but large scale events when multiple stakeholders are involved and the 
consequences of evacuation itself will significantly impact economic and social 
processes. 
 
 
1.4 Methodological choices and assumptions 
 
 
1.4.1 Integration of natural and social sciences 
 
This thesis combines engineering and natural sciences with social sciences. The natural 
sciences test the validity of claims, while the social sciences depend much more on our 
interpretation of social phenomena as well as the yardstick used to distinguish between 
different alternatives as described by (Jongejan 2008). The natural sciences can be used to 
define flood risk and the effectiveness of evacuation. Social science is also needed to define 
the effectiveness of the emergency response, as emergency planning can be seen as a guide 
for behaviour for certain situations (Drabek 1990). Additionally, before a situation can be seen 
as an emergency, a (collective) decision must be made to define it as an emergency (Drabek 
1985). 
 
This results in a holistic approach for evacuation planning or emergency planning as a layer or 
part of (flood) risk management. This approach can be used to define the appropriate 
response based on the circumstances of the disaster and the social structures in place. The 
holistic approach aims to maximise the effectiveness (and reduce loss of life) of measures 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
12 B. KOLEN  
implemented by authorities, emergency services and, most importantly, citizens. This planning 
approach does not focus on “control” but rather “facilitation” by the authorities during 
evacuation.  
This holistic approach combines knowledge of statistics and scenarios with expert judgment 
and consensus. This requires the use of knowledge about flood risks, statistics, traffic 
management, decision making processes and behaviour. It is also necessary to handle with 
lack of knowledge and the ability to establish agreement among experts and policy makers 
regarding how to address gaps in knowledge for emergency planning and decision making. 
Experts, planners and policy makers must reach a consensus about how they will address 
certain topics and situations bases on the available knowledge and experience. Experts have 
an important role in the estimation of probabilities of positive and negative scenarios for 
evacuation based on available planning and risk perception. Experts are also required to 
describe the relationship between certain measures and their consequences, such as the 
behaviour of people. Policy makers have to define requirements for evacuation. In addition 
research, evaluation of real events and exercises can broaden the existing knowledge and be 
used for further improvement. In the meantime, the consensus is the fundamental basis of 
emergency planning: it is possible to combine all measures initiated by several planning 
documents and to define the consequences in the case of an event.  
 
Previous PhD research in the Netherlands has focused on specific elements, such as flooding 
scenarios (Alkema 2007), uncertainties in these scenarios (Moel 2012), transport modelling (Pel 
2011), loss of life (although this research also used a more broad scope with respect to the 
risk) (Jonkman 2007; Boyd 2011), and public perception (Terpstra 2009) and optimised 
guidance instructions for preventive evacuation (Huibregtse 2013). This thesis focuses on the 
interaction of different elements, such as threat and impact, the environment and 
infrastructure, decision making by authorities and citizens, as well as the role of time in 
evacuation planning and (top strategic) decision making. Therefore, it contributes to (multiple 
layer) flood risk planning and specifically to evacuation and emergency management. Decision 
makers can create the circumstances of an evacuation in the future based on the situational 
picture of the event and based on planning. Preparation should focus on the ability to create 
these circumstances. 
 
 
1.4.2 A rational approach is followed 
 
This thesis is based on a rational approach to evacuation and emergency planning. This ration 
approach is risk based and uses cost benefit analyses applied for low frequent events with a 
high impact. In reality, the process of decision making is sometimes subjective; however, 
knowledge of the risks (defined as the probability x consequences), the costs and the benefits 
of the measures and knowledge of the consequences of uncertainties improves decision 
making (Tversky and Kahneman 1974). The rational figures can be compared to other criteria 
by decision makers (Kolen and Helsloot 2012a; Jongejan 2008). Therefore, the approach 
developed in this thesis can be used to: 
1. Further improve the effectiveness of evacuation planning and emergency management; 
2. Develop flood risk management strategies that contain multiple layers of emergency 
management (such as prevention, land use planning and emergency management);  
3. Minimise the total costs in risk based strategies or loss of life based on the available 
infrastructure and emergency equipment; 
4. Develop special evacuation strategies to minimize loss of life for people with special 
needs (as in hospitals); 
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5. Define the minimal conditional (given a forecast) probability of flooding to call for 
evacuation taken the economic consequences of evacuation into account as well as loss 
of life and risk aversity. 
 
This study is based on a holistic approach. The whole society is considered as a system in 
which all stakeholders (authorities, citizens) can interact, structures exist that describe the 
relation between these stakeholders and stakeholders might be confronted with the 
consequences of measures by others. All stakeholders function inside a network with formal 
and informal relationships. It is assumed that the responsibilities of a government are spread 
over several organisations over several levels as a federal, national, regional or local level. This 
is the case in most democracies. The possibility of implementing measures depends on, for 
example, the following: 
1. The availability, lead time and quality of forecasts; 
2. The available infrastructure (roads, buildings); 
3. The available equipment (fire trucks and police vehicles, trucks and ambulances); 
4. Emergency personnel; 
5. Equipment and personnel in the private and sector; 
6. Self-response (or citizen response); 
7. Ability to adapt the infrastructure and equipment or reallocate them; 
8. Fallibility of emergency management and evacuation planning. 
The possibilities for implementing effective measures also depend on the threat or 
consequences of the disaster itself. 
 
For low frequent events as flooding in the Netherlands, it is overly optimistic to assume that 
uncertainties and gaps in knowledge can be completely eliminated. However, at this moment, 
decisions for evacuation might be necessary as well, and these have to be based on the 
available and required information. More information than required however can hamper 
decision making as seen during exercises as Waterproef (Cappelleveen and van der Ven 2009) 
and SMO (Arcadis 2013), see also section 5. The combination of knowledge and expert 
judgement can therefore be used for proper adaptive and connected preparation. 
 
 
1.4.3 Incentives for evacuation by different stakeholders and cost benefit 
analyses 
 
The objective of a mass evacuation can be seen from different perspectives. Objectives can be 
defined on an individual basis, from the perspective of a private or governmental organisation 
or by considering the overall perspective of the whole society. In this study the total costs of a 
society are considered (the combination of the risk and investments). These total costs can be 
used to define requirements for evacuation. However given the requirements stakeholders will 
have different incentives to act, examples of objectives are as follows: 
 
Individuals: 
 A citizen or person has their own interests and interpretations of the risk. Each citizen 
defines what is important to them in the case of a crisis (Helsloot and Ruitenberg 2004), 
and people tend to evacuate only when others in the same group are willing to 
evacuate (Perry 1985; Tierney 1989; Perry and Mushkatel 1986); 
 A decision maker could use a crisis as an opportunity to implement measures to 
influence later elections.  
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Private organisations: 
 A private organisation will try to reduce the economic impact and damage to their 
infrastructure. Examples are companies that offer shelter in place for a more quickly 
start-up of their processes (Ball 2006) or the continuity of industrial processes. For a 
factory, a break in production will cause as much damage as a flood, as was seen in Tiel 
during the evacuation of 1995 in the Netherlands (Volkskrant 1995). The board of a 
hospital that will take care of the patients will also have financial objectives. 
 
Government:  
 A governmental organisation will optimise the continuity of its role and must also 
provide for the needs of the citizens. The road management centre, for example, will 
optimise the use of the roads, but administration for loans and taxes must also 
continue; 
 The required performance during evacuation as part of a risk based strategy can be 
defined in advance and be used as yardstick for evacuation planning and training and 
exercises. 
 
A cost-benefit analysis assesses the optimal investment strategy of flood risk management for 
a society, taking into account all of the costs and benefits. Based on a cost-benefit approach, 
the need to invest in multiple layers can be defined related to the reduction of the risk or the 
contribution to evacuation as well as the costs of the measures. In addition, these measures 
can also contribute to other objectives of a society. For example, just as a dike can be used 
for multiple forms of land use, a fireman can also be used for other purposes besides flood 
risk management. Furthermore, spending can be increased for other reasons, such as other 
objectives (e.g., the environment) or even a symbolic feeling of being safe. In this thesis, only 
the consequences with regard to flood risk management are taken into account. The use of a 
value for the loss of life in the quantitative cost-benefit analyses can offer insights into the 
effectiveness and costs of such measures. Whether the approaches are risk-seeking or risk-
averse, different competing strategies or measures can be compared rationally based on the 
benefits and costs of every alternative (Benjamin and Cornell 1970). Additionally, the cost of 
human life has been taken into account as discussed in several studies (Viscusie and Aldy 
2003; Vrijling and Gelder 2000; Jongejan et al. 2005). This topic is further discussed in part III of 
this thesis. 
 
 
1.4.4 Emergency services are already in place and independent with regard to 
flood risk management 
 
The complexity of emergency planning for low-frequency mass events is well known 
(McConnell and Drennan 2006; Quarantelli 1988; Clarke 1999; Helsloot 2007). The objective of 
this thesis is to obtain a better understanding of evacuation for low frequent and large scale 
disasters and describe a method for emergency planning based on criteria that are related to 
consequences (as damage, loss of life). Therefore, evacuation can be integrated in a risk-
based approach and cost-benefit analyses.  
 
Hence, this thesis focuses on the existing delta where people live and work. Emergency 
services (as fire and rescue services, police and medical services and the army) are already 
part of a society. These services are often designed and focused on small emergency incidents 
and emergency disasters, such as building fires, car accidents, etc.  
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These services can also be used to mitigate the impact of (low frequent) floods although these 
might not be designed for this.  
In a reference strategy where no special measures to prepare of flooding are taken by 
emergency organisations, it will only be by accident that the outcome will result in optimal 
emergency management actions. In this thesis, it is assumed that the emergency equipment, 
personnel and infrastructure are, in principle, based on normal tasks and not related to 
evacuation or flood risk in particular.  
The reduction of the impact of these measures depends on the impact of a disaster and the 
available time and capability available to implement the measures. The level of additional 
preparation for flood risk management can be related to the required contribution to the 
acceptable level of risk of a type of disaster. Criteria have to be set by politicians or policy 
makers. When additional infrastructure, personnel or equipment for evacuation in the case of 
flood risk are required and are part of the design of the emergency management structure, 
this is referred to as an ‘add on’ to the normal capacities. Such an add-on has to be justified 
by the reasons for the evacuation, although the extra capacity might also be useful for other 
activities.  
 
In the crisis management literature, there is an increase in attention (and expectations) to the 
resilience and flexibility of organisations (Cutter et al. 2008; van Duin 2011; Norris et al. 2008). 
This can result in a more effective response and less damage or loss of life. In case of a flood 
and mass evacuation the capacities of rescue organisations (number of rescue workers, 
equipment) and capacity of infrastructure is overwhelmed because the required capacity 
exceeds the existing capacity. From the perspective of adaptive planning, a resilient and 
flexible organisation can create better circumstances for evacuation to facilitate evacuation. 
This is another objective than, for example, increasing the number of people that are directly 
saved by the emergency workers of the specific service. This is, in fact, a management 
problem that exceeds the primary role of governmental organisations or emergency services, 
but it is a question that all authorities must address together. However, the management of 
each organisation defines the objectives of their own organisation and personnel. The most 
effective measures for the society might not be related to normal day-to-day work or activities 
that are effective for specific emergency services. Procedures might need to be skipped 
because these could limit the possibility to evacuate (for example, because they take too 
much time). Decision makers and emergency managers should therefore anticipate this 
situation because all emergency workers are trained to address unforeseen situations and, 
based on their role; automatically begin to act with or without the involvement of these 
managers. 
 
 
1.4.5 Words of caution 
 
In a perfectly controlled world, when decision makers and citizens always have perfect 
information, no accidents occur and no uncertainties exist. In such a world this thesis can be 
criticised because the moment when to take which measure can be defined in advance. On 
the opposite, when the event is 100% uncontrollable, the results can also be criticised because 
this thesis is based on scenarios that describe the relationships between parameters and how 
capacities are used. 
 
Complete compliance of citizens and decision makers is an ideal but unrealistic situation, as is 
the availability of all information which is needed. A survey of decision makers (see section 4) 
resulted in discussions with several Dutch mayors (see section 5 for this survey).  
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Personal communication of the author with some of the mayors indicated that some mayors 
assume a perfect world or a complete chaos. A group of mayors indicate that they will directly 
follow the national instructions and claim that they have no role in the decision making 
process for evacuation. Other mayors claim that they are not concerned with the higher levels 
of decision making and will decide for their own case. Most mayors however, as shown in the 
survey, follow a risk-based strategy. Because emergency structures connect different local 
regional and national authorities, an overall strategy can be formed. However, this must take 
into account that compliance will not be 100%. 
 
From the perspective of an economist (in a world of limited budgets), it can be questioned 
whether investments should be made in emergency planning when investments can also be 
made in flood prevention and are more cost effective. An additional argument not to invest in 
emergency management is based on the probability of the failure of the emergency 
management system because it depends on human actions in low-frequency events, while 
levees are constructed only once and need less frequent maintenance. From a more political 
standpoint, there is also pressure to invest in measures that create a feeling safety to 
influence public perception. 
 
Additionally, because the experience with mass evacuation (by definition) is limited, new 
insights can result in better as well as worse preparation. When only a few stakeholders 
implement measures, these might block measures taken by others. Therefore, discussions 
among experts should be organised to understand experiences and new knowledge and to 
come to a consensus on how this information should be used in tested and maintained 
emergency planning. 
 
 
1.5 Overview of this thesis 
 
This section describes an overview of this thesis which is divided in 5 parts; each part is 
divided in different sections. Figure 3 shows the conceptual framework of evacuation and the 
sections in which elements are discussed. This framework evacuation is further explained in 
section 3. 
 
Part 1  
Introduces the topic of evacuation, the research objectives and the definitions that will be 
used. In this part, the complexity for evacuation planning in the Dutch Delta is introduced (see 
appendix C for more detail) because it is used for several case studies in the next chapters. 
This part contains the following chapters: 
1. Introduction; 
2. Understanding of evacuation and definitions. 
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Part 2  
Describes the elements that influence the effectiveness of an evacuation. These elements are 
brought together in a model that can be used to describe the effectiveness of an evacuation. 
Part 2 also describes the phases of evacuation and introduces the so-called transition phase. 
During this transition phase, measures can be implemented effectively and authorities can 
create the optimal circumstances for a nearby evacuation. This part contains the following 
chapters: 
3. Transition phase: from day-to-day life to evacuation mode; 
4. Area I: Threat & impact; 
5. Area II: Decision making by authorities; 
6. Area III: Environment and traffic infrastructure; 
7. Area IV: Citizens’ response. 
 
Part 3  
Focuses on the optimal design of a system in a risk based, multiple layers, system as well as 
the optimal value of decision making during a crisis. Therefore, a cost-benefit analysis is used 
to support decision makers. This part contains the following chapters: 
8. Cost-benefit perspective of emergency management as a part of flood risk management; 
9. System design: an economically optimal investment strategy in a multiple layer flood 
risk approach; 
10. Crisis management: a cost-benefit approach to decision making during a crisis. 
 
Part 4  
Describes a method for adaptive evacuation planning. A model is introduced to define the 
effectiveness of the evacuation of an area in terms of the loss of life as a function of time. A 
second modular model is developed to connect evacuation planning for different areas inside 
the evacuation and organisation zone, taking the limited capacity of the connecting roads and 
available time and resources into account. This part contains the following chapters: 
11. Introduction to adaptive evacuation planning; 
12. EvacuAaid: the consequences of different strategies for evacuation in an area; 
13. Overall strategy building for mass evacuation: strategy builder. 
 
Part 5  
Describes the conclusion and recommendations as well as the references. This part contains 
the following chapters: 
14. Conclusions and recommendations; 
15. A reflection on the implications of evacuation preparation as a part of flood risk 
management in the Netherlands; 
16. Acknowledgements; 
17. References. 
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Figure 3: Overview of this thesis based the framework for evacuation 
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2 Understanding of evacuation and 
definitions 
 
 
Abstract 
Evacuation is widely accepted and practised as a possible emergency measure, and it is 
taken into account in flood risk management and other disasters. Evacuation can be seen as 
a specific layer or measure to reduce risk in a multiple layer system or risk-based approach. 
Several definitions of evacuation can be found in the literature, describing evacuation based 
on the use of elements as the movement of people, animals and (if possible) goods, different 
locations that are considered to be safe. However, the interpretation of evacuation is closely 
related to the type of disaster as flooding, fire in buildings or chemical accidents and the 
(often the best-case) scenarios used in emergency planning. 
 
This chapter provides a definition of evacuation and identifies different types of evacuation. 
These different types of evacuation are related to the destination of the movement, the start 
of the evacuation related to the onset of the disaster and the relationship between the 
emergency responders and evacuees. These different types of evacuation can result in 
completely different consequences (reduction of damage and loss of life) when applied for 
the same circumstances. These types of evacuation require different measures and as a 
consequence also the economic and social impact is different. The evacuation zone contains 
the area that might be threatened by the flood. This evacuation zone is based on the 
combination of several possible flood events and possible chain effects, using information of 
the probability and consequences different risk zones can be defined inside the evacuation 
zones. The organization zone is the area that is required to execute the measures or that is 
affected by the consequences of these measures. 
 
This chapter defines commonly used terms for evacuation, and definitions as are used in this  
thesis. A clear understanding of definitions minimizes the impact of linguistic problems. 
 
 
2.1 Use of the term evacuation in the literature and practice 
 
Preparation for evacuation in case of large scale flooding in Western delta areas focuses 
mainly on preventive evacuation; almost no attention has been given to other strategies. 
Exceptions are for example the city of Hamburg and the not western country Bangladesh 
which also uses safe houses to evacuate. For example, in New Orleans, ‘a complete evacuation 
of the city has been the cornerstone of hurricane preparedness planning for the region’ 
((Wolshon 2006), p28). During Katrina, it was clear that not all citizens could, or wanted, to 
leave the area in time. Therefore, ‘shelters of last resort’, such as the Superdome and the 
Convention Centre, were opened (CNN 2005). In the aftermath of Katrina, Mayor Nagin declared 
that the shelters of last resort would not be used again in future events (CNN 2006). During 
Hurricane Gustav in 2008, no shelters of last resort were opened. Those who did not leave the 
area in time arranged their own shelter, such as buildings in high areas (in the French 
Quarter) of in their own homes.  
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
20 B. KOLEN  
Wolshon states that the goal of evacuation related to hurricanes in the US is to ‘move people 
away from danger’, but he also states that it might not be possible to evacuate everyone 
preventively (Wolshon 2006). The implicit need for other strategies of evacuation is addressed.  
 
In the Netherlands, emergency planners focus only on preventive evacuation (illustrated by 
the scenario of the exercise Waterproef (TMO 2009b). Jonkman mentions the possibility of 
vertical evacuation but mainly focuses on preventive evacuation (Jonkman 2007). Emergency 
planning of the provinces of North and South Holland, safety regions and Waterboards 
assumes that with coordination and better planning, the limited capacity of the infrastructure 
and limited lead time could be solved as for example in (South-Holland et al. 2010).  
 
The literature contains several definitions of evacuation. All of these definitions describe 
evacuation as the movement of people and (if possible) goods to a safer place. The following 
are commonly used definitions of evacuation: 
 ‘Withdrawal behaviour prior to impact’ ((Drabek 1986), p3); 
 ‘Physical movement of people of a temporary nature, that collectively emerges in coping 
with community threats, damages or disruptions’ ((Quarantelli 1980), p10);  
 ‘The process of alarming, warning, preparing, departing, temporary holding and 
returning of people, animals, personal belongings and corporate stock and supplies 
from an unsafe location to a relatively safe location’ ((van Duin et al. 1995), p6); 
 ‘The movement of persons from a dangerous place to a less dangerous place because of 
a threat or incident’ ((Helsloot and Scholtens 2008), p4).  
 
The use of the term evacuation in the literature often involves implicit assumptions about the 
type of disaster (e.g., flooding, earthquake, volcanoes, and fire in buildings) and the 
destination. As a consequence, a discussion of evacuation related to a certain type of disaster 
also implies assumptions about the moment of onset of an evacuation (based on a threat or 
real disaster), the destination of the movements and the relationship between the first 
responders and citizens (are people facilitated in their movements, or are they carried out of 
an area by emergency personnel?). 
 
Many studies describe evacuation related to the flood risk, and this focuses on preventive 
evacuation in almost all cases. Jonkman defined evacuation as ‘the movement of people from 
a (potentially) exposed area to a safe location outside that area before they come into contact 
with physical effects’ ((Jonkman 2007), p36). After exposure to the threat, Jonkman defined 
rescue and escape as movements from the affected area to a location outside this area. When 
people escape, they move on their own or are supported by other citizens, there is no direct 
relation with emergency responders. When people are rescued, this support is provided by 
emergency personnel. In an evaluation of the loss of life after Katrina, it was found that 
people moved from their homes to shelters by themselves or they were moved by rescue 
services after the onset of the disaster. An loss of life analyses of New Orleans provides 
statistics related to the location of deaths in the case of a flood (Jonkman et al. 2009). Based 
on other literature, different locations can be defined within a flooded area where the 
probability for the loss of life is different. Deichman (Deichmann 2006) described how people 
in a hospital in New Orleans suffered because of the breakdown of facilities.  
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However, additional patients were still brought in by helicopters (which were also used to 
evacuate people out of the hospital) because emergency personnel thought the hospital could 
offer help, and the army corps prevented the hospital from evacuating because it was not 
considered safe outside. 
(Pel 2011) discusses preventive evacuation as a way to remove people from an area before 
they are exposed to the consequences of a disaster. Preventive evacuation is presented as an 
alternative to other strategies, such as “stay or go early”, which is used in Australia for bush 
fires (Taylor and Freeman 2010). This strategy is a combination of preventive evacuation and 
shelter in place, the assumption is that people are safer at home than while they are hit 
during evacuation by the bushfire. The use of the term ‘early’ assumes that enough time is 
available to leave the area in time. Wolshon discusses evacuation in the case of flooding and 
hurricanes (Wolshon 2006) as ‘moving people away from danger’, whereas others (Barendregt 
et al. 2005; van Zuilekom et al. 2005) and (Opper 2009) focused on the time needed to leave a 
potentially flooded area. All of these studies focused on the preventive evacuation of a 
potentially exposed area before the onset of a disaster. 
 
The type of evacuation is often directly related to the disaster. Evacuation planning for a 
volcanic eruption, as in the case of Vesuvius in Italy (Civil Protection Department 2006) and 
volcanoes in Iceland (Runarsson 2010), also focus on evacuation prior to exposure to the 
disaster. In contrast, (Chien et al. 2002) discussed evacuation as the movement of people after 
an earthquake. 
(Proulx 2000a, 2000b) discusses building evacuations from fire when fire alarms were 
activated. These studies also addressed the possibility of escape when people do not act 
immediately. ((Hanea et al. 2007), p1) interpret evacuation in the event of an actual fire: 
‘Getting people out of the building is another process that takes place. This is a partially 
spontaneous process, in which individuals themselves cope with the emergency (self-
reliance), and partially an organised process that aims at getting people out of the burning 
building into safety (evacuation)’.  
(Mevissen and Maarseveen 2008; Mevissen and Kant 2009) examined planned and coordinated 
evacuation (called acute evacuation) after the onset of a disaster but before exposure to the 
consequences of the disaster. Taking into account the knowledge of part II of this thesis, 
considering the chaotic situation after a dike breach and the overload of infrastructure, this 
type of evacuation depends on the requires a coordination after detection of a flood. Research 
however shows that during a disaster, the effectiveness of coordination is limited (Scholtens 
2008).  
 
Recently, the need for strategies other than preventive evacuation was addressed in the 
literature. A study conducted after an analysis of a 50-year flash flood in Australia already 
concluded the need for alternative strategies and further preparation. When new strategies are 
communicated at this moment there is a great risk that people might act not in their own 
interest (Haynes et al. 2009a). Other strategies, such as vertical evacuation, might result in 
less loss of life when less people are exposed to flooding or are exposed on less vulnerable 
locations. The effectiveness of preventive and vertical evacuation is explored in section 12. 
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2.2 The need for a realistic perspective on evacuation in flood 
risk management 
 
 
2.2.1 Evacuation as a measure to reduce the consequences of a (flood) disaster 
 
The consequences of a flood event can be influenced by the strategy chosen for evacuation; a 
strategy is defined as a selection of measures to fulfil a defined objective. For example, in the 
case of a preventive evacuation in which all people must leave the area, the probability of car 
accidents and lack of fuel is far greater than when people remain in place. A decision made by 
the authorities will not automatically start to move people in a chosen direction, nor will it 
automatically prevent them from moving. Emergency systems, equipment and personnel will 
be available to implement decisions, but the capacity (defined as the number of means, 
personnel and infrastructure) or capability (defined as how these resources may be used and 
can be influenced by preparation) might not meet the required (or desired) level. Even when 
priorities are set, it can be questioned whether the available measures as foreseen during the 
planning can be implemented without failure. Many of these measures have not been tested 
during the actual circumstances of the event.  
 
Stakeholders as citizens and other governmental organisations, political leaders and 
emergency services, have different perspectives about the risk and have different objectives 
which influence their own choices. Each have to decide which information to use, and they 
have to assign value to information (Boin et al. 2005). For authorities other sources of 
information besides the official situation reports are widely available from experts and the 
(social) media using their own perspective. Authorities can be divided in decision makers 
(officials who are responsible for the choices of teams inside an organisation or organisations 
as a whole) and crisis managers (officials who have a role in the crisis management structure) 
can simultaneously provide multiple frames of reference about a phenomenon (this is referred 
to as ambiguity (Brugnach et al. 2008; Dewulf et al. 2005; Bedford and Cooke 2001)). Due to 
the on-going struggle for risk awareness by the decision makers for low frequent flood events 
(ten Brinke et al. 2008b) and the low risk perception of the public, ambiguity will influence the 
effectiveness of decisions related to evacuation. 
 
 
2.2.2 Evacuation with regard to the acceptable level of risk  
 
Emergency capacities are required to execute measures. Therefore they have capacities as 
personnel, transport and rescue equipment, information and communication systems. If 
necessary guidelines can be developed for infrastructure, shelters and specific competences 
for personnel specific requirement for transport and rescue equipment. The capacities and 
capabilities of emergency services are not only, or by definition, based on low frequent flood 
events. Capacities are based on other threats that may occur, defined requirements ad 
available budget. Research in the Netherlands shows that the resources of emergency services 
are based on emergency events that may occur on average once in a five to ten year 
emergency events, a frequency that is far higher than that of a flood (AGS 2008) event. 
 
Risk is defined as the probability of the event multiplied by the consequences of the event. 
This definition is commonly accepted in the flood risk literature (Vrijling 2009; ten Brinke et al. 
2008a). Alternative definitions describe the risk in terms of hazard, vulnerability and exposure 
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(Kron 2002; Gendreau et al. 1998). The hazard refers to the threatening natural event, 
including its probability of occurrence. Exposure and vulnerability relate to the consequences 
of an event. Vulnerability is broadly defined as the potential for loss (Cutter 1996), and 
exposure relates to the values, objects and people present within the area exposed to the 
hazard. Both approaches for defining risk lead to similar outcomes, as they both consider the 
occurrence of a hazard (the probability) and the consequences (vulnerability, exposure) of a 
given occurrence. 
 
Flood risk management strategies can contain of different measures to reach and maintain an 
acceptable level of risk (or costs). A common approach in flood risk management is to select 
measures in different layers or multiple lines of defence. In the Netherlands, this method is 
referred to as multiple layer safety, and it is divided into three layers (VenW 2009b): flood 
prevention, land use planning and emergency management. Prevention is in this study related 
to measures that reduce the probability of flooding, some literature uses the term protection 
for this type of measures (as for example (European-Parliament 2007)). In the US (see, for 
example (Lopez 2006)) and in Canada (see for example (FBC 2008)), similar approaches are 
used and referred to as ‘multiple lines of defence’. Three important questions arise: 
1. How to select the measures among these layers, and whether it is necessary to select 
measures in all three layers?  
2. How to define the criteria for design and maintenance of these measures? 
3. What are the costs and benefits of these measures?  
 
This thesis follows a rational approach that requires stakeholders to discuss and determine 
what level of risk can be accepted and what they need to guard against. Given that all of 
these measures are based on the same funding (i.e., tax payers’ money), attention is required 
to determine the relationship between the measures taken by the authorities, their functional 
outcomes as well as the public’s perception of risk reduction measures, and the public’s 
desire or expectations for safety. The model developed in this research results in an economic 
optimal investment strategy that can be applied in deltas worldwide. Analyses can be 
performed to compare different or competing strategies. However, it is not a given that the 
optimal solution based on a cost-benefit analysis will be chosen by democratic leaders. The 
acceptable level of risk is a political decision that includes values. Literature states that no 
scientist can claim to possess knowledge of the risks that are acceptable for all, see for 
flooding for example (Jongejan 2008). Quantitative analyses of risks however are indispensable 
to genuine, deliberative democracies (Sunstein 2022). The economical and rational approach in 
this thesis is information that policy makers can use to make trade-offs to select measures 
with regard to the risk (to select only cost effective measures, to invest in symbols etc.) and 
finally result in adaptive evacuation planning based on uncertainties and defined 
requirements. An economic approach requires that the effectiveness of preparation is known 
and the relations between preparations of different organisation have to be quantified. This is 
also expected to result in better planning because measures can be fit on each other which 
will result in connected emergency preparation between organisations.  
 
 
2.2.3 A call for adaptive emergency and evacuation planning  
 
Leadership and accountability of responsible officials within authorities are key drivers that 
underline the need for preparation for evacuation. Other key drivers are probabilities of 
flooding, costs and benefits of evacuation (see for example the survey among Dutch mayors in 
section 5). During evacuation (and especially during exercises as Waterproef (Cappelleveen 
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and van der Ven 2009), and SMO (Arcadis 2013)), considerable attention is given to 
communication processes and information processes; however, less attention is given to the 
consequences of the measures and the real risk and how this real risk is related to the 
decisions that are made.  
 
The key drivers however assume that authorities are responsible for evacuation planning for 
possible events and avoid planning for best case scenarios only. Authorities however also 
create of fantasy or symbolic documents as described in some literature (Helsloot 2007; Clarke 
1999). For example when it is recognized that it is impossible to remove everyone, this option 
is sometimes excluded in emergency planning (Haaglanden 2008) or emergency planning only 
is developed for threats with a assumed lead time as for example (Zeeland 2009a; Haaglanden 
2008). The principles of adaptive evacuation planning have to avoid best case planning 
because all possible scenarios and strategies are taken into account. This also mains that 
authorities have to admit and accept failure.  
 
Adaptive evacuation planning requires an understanding of the consequences of different 
strategies, the use of (existing) resources and infrastructure, dealing with the response of 
citizens and other authorities and the impact of the uncertainties. Evacuation is a low-
frequency event. This requires that the response strategies can be related to predefined 
standards and effectiveness and uncertainties with regard to evacuation should be taken into 
account.  
 
Adaptive planning requires that those organisations are able to cope with a variety of possible 
scenarios and a variety of involved organisations. Evacuation planning is often based on ‘best-
case scenarios’, which assume an event with enough time to execute all measures and in 
which everything happens as expected. These best case scenarios can contain large scale 
flood events, in these cases it is expected that enough time and resources are available for all 
planned measures. A ‘design scenario’ is used to cover all possible events associated with a 
certain threat. For example, the Dutch Task Force Management Flooding stated that if the 
Netherlands is prepared for the worst possible flood (with a chosen lead time), then the 
Netherlands is prepared for all floods (TMO 2009a). The need for possible alternative scenarios 
that might result in other measures or strategies for evacuation is not taken into account. 
When a preventive evacuation cannot be completed successfully, there will be a call to 
improve the planning so that it can be successfully completed. This type of planning can be 
considered deterministic planning. All decisions and measures are as effective as expected 
when all assumptions, including the reality of the threat, are equal to those made while 
planning and all measures fit within one defined scenario. Timelines are created to plan when 
and how to implement decisions. For a method for planning, see (Opper et al. 2010). 
Additionally, examples of timelines are also available in emergency planning (Zeeland 2009a; 
Middenwest-Brabant 2008; Haaglanden 2008). Efforts are made to connect areas that might be 
evacuated within a fixed time window (based on forecasts) and evacuation population (BZK 
2007). These timelines and assumptions create ideal conditions for planning, but they do not 
cover all events that can occur in reality. For example, uncertainties in the lead time, 
threatened area, response of the authorities and citizens and the capacity of the infrastructure 
and rescue services might result in other measures or strategies. Planning, that takes into 
account uncertainties and relates the possible circumstances to the possible measures, is 
referred to as probabilistic planning and is the cornerstone for adaptive evacuation planning.  
 
This thesis shows that alternative strategies for evacuation than best case planning (in many 
cases preventive evacuation) can reduce the consequences of a threat because of 
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uncertainties. Planners and decision makers must address these uncertainties that influence 
the costs and benefits of evacuation. Evacuation planning should avoid planning only for 
‘best-case’ scenarios and also take all possible scenarios into account, including more 
pessimistic scenarios and the possible failure of the measures.  
 
The call for realistic preparation as described in this thesis is not a call for unlimited 
investment. Investments in emergency response and evacuation planning to reduce flood risk 
have to more cost effective than investments in additional land use planning, building codes 
and prevention. Investments in an emergency response and evacuation planning with regard 
to flood risk can be made based on the following: 
 Knowledge, to create and maintain a better understanding of the consequences of 
evacuation and measures and how to address emergency management structures, 
which is reflected in the planning and maintained by training and exercises; 
 Resources, to invest in additional emergency equipment and personnel to improve 
performance during an evacuation; 
 Infrastructure, to invest in the capacities of infrastructure networks (e.g., the road 
network, ICT, telephone, energy) or shelters in addition to the existing capacities.  
 
This thesis discusses ‘adaptive evacuation planning’ to minimize loss of life and the total 
costs (defined as the combination of the costs for investments and remaining risk). Realistic 
evacuation planning is assumed in this thesis to be equal to optimal planning. This statement 
might sound very obvious but the term optimal planning is used in different frames. From a 
risk-based perspective optimal planning takes into account all possible events. From the 
perspective of some emergency planners, optimal planning can also be understood as the 
preparation for the best-case scenario in which the consequences (as loss of life) are assumed 
to be reduced to zero as for example (Middenwest-Brabant 2008; Haaglanden 2008; Zeeland 
2009a). In this thesis, the interpretation applied in risk analyses is used.  
 
 
2.2.4 Complications in evacuation planning  
 
Evacuation planning is a complex task. This section discusses some complications for 
evacuation planning, such as the following: 
 Dealing with unclear and incomplete information; 
 Dealing with lack of experience; 
 Evacuation as a catastrophe; 
 A broader scope for evacuation to prevent a focus on the best-case strategies only; 
 Realism of evacuation planning and exercises in a (multiple layer) risk-based approach. 
 
Dealing with unclear and incomplete information 
The decision maker, which is often the responsible authority, who calls for evacuation must 
act in a complex reality. In reality different sources of information exists, these can (and will) 
be contradictory and might be unclear. Different stakeholders will have different messages and 
the impact of measures is also unclear.  
With hindsight, decisions can be re-evaluated based on reconstruction of the event and the 
ways in which people responded, and the most effective measures can be defined. However 
these reconstructions, which include all of the available and relevant information, cannot be 
available to decision makers and their teams at the time that the decisions are made.  
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During a crisis decision are made under pressure, during reconstructions there is almost no 
time pressure.  
 
Information about a threat can be presented, over time, using scenarios; a scenario is defined 
as the development of an event based on a given set of assumptions. However, because of 
uncertainties the scenario only represents the consequences for the used assumptions. Taking 
uncertainties into account several scenarios can be developed. Uncertainties can be related 
imperfect knowledge as well as the inherent variability or unpredictability of the system 
(Brugnach et al. 2008).  
 
In the case of a threat in combination with (possible) limited time for evacuation decisions 
have to be made. There is no possibility for a time out (as in a computer game or exercise to 
do more research while the development of the threat is on a hold) or to neutralise 
autonomous response of others, also the previous decisions cannot be turned back. When 
time passes the potential consequences of centralized decision making with regard to the 
effectiveness of evacuation will change as well. Personell responsible for operational services 
or care institutions, emergency services and citizens, will not wait for the ‘centralized 
responsible authority’ to make a decision if there is a need to act for them.  
 
Dealing with lack of experience 
The experience of evacuations in an area because of storm surges, tsunamis, extreme river 
discharges and hurricanes is limited if prevention measures are in place. This is because of 
the low frequency of flood events or threats (influenced by prevention measures) in 
combination with the fact that in reality, after each evacuation, the circumstances will change 
and result in a new, never experienced, situation. Also over time new officials as responsible 
for authorities will become into charge, these are often democratic chosen persons. For 
citizens, the risk perception will be formed by the experiences during the previous evacuation 
and by whether the disaster occurred and by information communicated about risk. For the 
authorities, measures will be evaluated and better evacuation strategies can be developed. 
Additionally, the ‘threat’ might (or will) have different characteristics the next time. For 
example the class of a hurricane might be different as well as the travel speed and direction. 
Even in areas that evacuate large groups more frequently, such as areas prone to hurricanes, 
each situation is therefore unique.  
 
Because of the lack of experience with real events or the effectiveness of the latest updates in 
planning with regard to the actual circumstances of the threat and risk-perception training and 
exercises are conducted to develop and maintain experience. Training and exercises can be 
used to implement planning, as (Perry 2004) argues that emergency preparedness requires 
planning, training and exercises. Examples of exercises are Waterproef (TMO 2009b; 
Cappelleveen and van der Ven 2009; TMO 2009a) and Floodex (Beerens et al. 2010; Krom and 
Brinkman 2010) and the SMO exercise in 2012 in the Netherlands (Arcadis 2013), Watermark in 
the United Kingdom (Watermark-Review-Team 2011) and the exercise PAM in the United States 
(Van Heerden and Streva 2004). The decision making process itself in these exercises might be 
realistic because these are out of control of control teams of the exercise organisations mainly 
because of the size of the exercises (Helsloot et al. 2009). Also the consequences of the 
decisions in many exercises made for evacuation are not put into practice (or even simulated); 
this means no insight is obtained in the consequences of decisions.  
 
Research shows that training and exercises intended to stimulate the correct response have to 
be based on plausible scenarios (Alexander 2000). However it can be question if realistic or 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 27 
plausible scenarios are used as these are the condition for correct response (see section 10 
which shows the limitations of exercise Waterproef). Dutch national exercises as Waterproef 
(Cappelleveen and van der Ven 2009), Floodex (Beerens and Schneider 2011) and the SMO 
(Arcadis 2013) for example all focus on scenarios with a significant (and unrealistic) long lead 
time compared to the probability distribution for the lead time (see Figure 13). Just as training 
and education are required to develop a culture of emergency management (Alexander et al. 
2009), it is also important for the culture that training and education is realistic. When all 
decision makers are trained and educated for preventative evacuation decisions in best-case 
circumstances decision for other strategies for evacuation as vertical evacuation or even no 
evacuation cannot be expected because they are unknown to the decision makers and their 
crisis managers. Even when in the real situation these other strategies might result in less loss 
of life.  
 
This thesis offers a framework for adaptive (and realistic) evacuation planning and an 
approach to evaluate planning, exercises and real events. This framework is based on the use 
of uncertainties. It offers a structure for evacuation planning based on a set of possible 
scenarios and strategies. The structure connects the planning activities of different authorities 
and maximizes effectiveness taking uncertainties as well as the possible failure measures into 
account.  
 
Evacuation as a catastrophe; Creating best-case circumstances for evacuation – 
minimising counterproductive measures caused by a standardised response to 
disasters 
Research defines six dimensions that capture the major differences between catastrophes and 
disasters (Quarantelli 2006). In a catastrophe, the following features are present: 
1. Large scale physical impact (in contrast to the localised impact in disasters); 
2. Local officials are unable to undertake their usual work roles (in contrast, this occurs 
only at a small scale in a typical disaster); 
3. Help will come mostly from more distant areas (in contrast to the massive convergence 
from nearby areas in disasters); 
4. Most everyday community functions are sharply and concurrently interrupted (this is 
not usually the case in a typical disaster); 
5. Non-local multiple media, socially construct the immediate and on-going situation (in 
contrast to the typical disaster, where the greatest attention comes from the local 
media and only incidental and brief reporting is done by cable and national media); 
6. Very high-level officials and governmental agencies at the national level become directly 
involved (in contrast to disasters, where there is often limited and primarily symbolic 
attention given by non-local persons and state agencies). 
The importance of these six dimensions is that they provide the larger context within which all 
response activities occur. A response based on protocols that work with more frequent and 
small disasters might be counterproductive in the case of catastrophes. 
Emergency response is often based on procedures and standardised protocols only. These 
procedures and standardised working processes have proven effective in many disasters. 
However, in the case of less frequent disasters, or catastrophes, they may not be effective. 
During low frequent disasters or catastrophes normal ‘standardized’ measures might not be 
effective or are even be counterproductive. Recent studies on flooding (Haynes et al. 2009b; 
Kolen et al. 2012b) and policy documents (BZK and VenW 2008a, 2008b) have proposed the 
development of alternative evacuation strategies in addition to those already considered in 
the (best-case) planning as preventive evacuation. The incentive for these alternative 
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strategies is to reduce loss of life. Additionally, investigations carried out after evacuation in 
the case of fire in buildings support the need for alternative forms of evacuation (O'Conner 
2005; Proulx 2001a). 
 
A study after the flooding and decision making process during Katrina in the United States 
(Parker et al. 2009) raises questions about the moment when the national decision makers 
become involved and relates this to the consequences of the disaster. The research of 
(Wolshon 2006) shows the benefits of an early implementation of the contra flow system to 
increase the effectiveness of evacuation in Louisiana. However, this contra flow system limits 
other citizens who remain in the area or have to drive through the area. In one report, a 
doctor (Deichmann 2006) describes the problems he encountered when trying to get to his 
hospital to offer care for patients due to the contra flow system. In the Netherlands, national 
traffic management can increase the effectiveness of evacuation, but it has to be implemented 
in time to become effective (Wegh 2008). Experience in Norfolk in the UK shows that 
instructions from authorities to evacuate are not always followed by the majority of citizens 
(Ellis 2008). Furthermore, it is also known that people may start to evacuate by themselves, 
even when they are not threatened as could be seen during hurricane Rita in Houston 
(Mitchell et al. 2007; DHS 2006).  
 
EXAMPLE: POSSIBLE IMPACT OF A STANDARDIZED RESPONSE TO A TERRORIST ATTACK 
The question might be raised of whether the firemen who went into the World Trade Center Towers on 
9/11 could have saved more lives (including their own) by not entering the building. While entering 
the building, they blocked routes that people, who entered the building by themselves) in the 
building were attempting to use to leave (Proulx 2007) (Fischer 2002).  
In practice, this situation presents a dilemma for a commander. The primary response of the rescue 
workers (which is based on their operational training) is to enter the building and rescue people. 
However, information on the potential collapse of the building is uncertain and subject to other 
information (Tong and Canter 1985). By entering the building with the expectation that it would not 
collapse, more wounded people or people with special needs could be rescued. However when it 
might collapse the commander must decide maybe not to enter the building must make a judgement 
about the safety of the emergency workers and the number of people that may escape (or be 
rescued) with regard to a possible collapse of the building.  
The complexity of disasters is that this information is often unclear but still decisions have to be 
made. Even in hindsight, there are on-going debates about what information was available in the case 
of the Twin Towers and how that information should impact decisions (for example, see the weblog 
‘truth and shadows’ (McKee 2011). 
 
Literature shows that relevance of which official or authority is responsible in emergency 
situations. In the response to disasters, roles and relationships change as new response 
demands are identified (Quarantelli 1997). Disaster response requires “ad hoc taskforces” in 
which the roles and capabilities of multiple organisations are needed. It has been argued that 
the ability of response organisations to build adaptive organisational networks is a key 
predictor of success (Harrald 2006). Knowledge about the consequences of decisions and the 
impact of uncertainty is a key element for identifying the most relevant measures and 
implement them. A key question is how to incorporate flexibility in emergency planning to 
deal with different relations during a disaster, especially for low frequent and large scale 
disasters as evacuation and flooding.  
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This thesis discusses the interaction between the authorities and citizens with regard to the 
consequences of evacuation and how to influence the effectiveness of measures. The objective 
for the authorities is to create the optimal circumstances for evacuation based actual 
circumstances at the specific moment.  
 
A broader scope for evacuation is required to prevent a focus on the best-case 
strategies only 
Historically, worldwide much attention has been given to preventive evacuation in the case of 
a possible flood.  
 
For example, in New Orleans where the extreme wind speed and possible flood are incentives 
for evacuation, ‘a complete evacuation of the city has been the cornerstone of hurricane 
preparedness planning for the region’ (Wolshon 2006). During Katrina, it was clear that not all 
citizens could, or wanted, to leave the area in time. Therefore, ‘shelters of last resort’, such as 
the Superdome and the Convention Centre, were opened (CNN 2005). In the aftermath of 
Katrina, Mayor Nagin declared that the shelters of last resort would not be opened again by 
the government in future events (CNN 2006). The ambition behind this measure was to 
motivate more people to leave the area, the counterpart was that the risk for those who stay 
behind increases. During Hurricane Gustav in 2008, no shelters of last resort were opened. 
Those who did not leave the area in time sought their own shelter, such as buildings in high 
areas (in the French Quarter) or in their own homes. Wolshon addresses evacuation related to 
hurricanes in the US as ‘move people away from danger’, but he also states that it might not 
be possible to evacuate everyone preventively (Wolshon 2006). The implicit need for other 
strategies of evacuation is addressed. 
 
OTHER THREATS 
Planning for evacuation for other threats besides a flood, such as a fire in a building, also reveals that 
different situations can occur and different strategies for evacuation can reduce the loss of life. 
Different fire development patterns exist and affect how quickly these fires can spread (Tang and 
Beattie 1997; Chang and Huang 2005). However, most emergency planning focuses on leaving the 
building after a fire alarm. Survival chances may be improved by remaining in a room and waiting for 
rescue (O'Conner 2005; Proulx 2001a), which is an alternative form of evacuation (shelter in place). 
Because of a lack of understanding of the threat and incorrect expectations about the infrastructure, 
people put themselves in (more) danger (Proulx 2001b).  
 
The need for strategies other than preventive evacuation is also addressed in other literature, 
the following is concluded after an analysis of 50-year flash flooding in Australia: ‘However, in 
cases where evacuation may lead to increased exposure to danger and a suitable refuge exists 
for suitable occupants, sheltering in place may be a better option’ ((Haynes et al. 2009a), p9) 
and ‘However, as there is no accepted protocol for advice during a flash flood situation, there 
is a great risk that, even with warnings, people may not act in their own best interests and / 
or may be advised to take the wrong actions’ ((Haynes et al. 2009a), p2). They also concluded 
that limited research is available: ‘At the moment, the literature cannot unequivocally support 
one option over another, in part due to the fact that because evacuation is such a well-
established emergency management strategy literature about policy alternatives is relatively 
thin on the ground. What the literature does show is that neither strategy is without risk, and 
more research is needed to guide decision-making by emergency managers. In the end, 
emergency managers and the people directly at risk need to be able to assess the relative 
risks of alternative strategies’ ((Haynes et al. 2009a), p9). 
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In the Netherlands, emergency planners focus only on preventive evacuation (as illustrated by 
the scenario of the Waterproef exercise and emergency planning in advance (TMO 2009b)). 
Jonkman mentions the possibility of vertical evacuation but only focuses on preventive 
evacuation (Jonkman 2007). In addition, emergency planning for coastal areas of the provinces 
of North and South Holland assumes that with coordination, the limited capacity of the 
infrastructure and limited lead time can be solved. The plan states that ‘as long as there is no 
national operation evacuation plan a large-scale preventive mass evacuation seems to be 
impossible in case of coastal flooding, emergency planning should take into account that large 
numbers of people will stay in the area and have to be rescued’ ((South-Holland et al. 2010) 
p24). A mass evacuation is an evacuation in which multiple stakeholders are involved. Earlier 
research showed, however, that even in a situation when infrastructure is used up to 
maximum capacity and no constraints about limited emergency capacities are taken into 
account, a complete preventive evacuation is not possible (Maaskant et al. 2009; Barendregt et 
al. 2005; BZK and VenW 2008b).  
 
This thesis introduces different types of evacuation and describes a method for how the costs 
and benefits can be compared by authorities for different evacuation strategies. This method 
can be applied during a crisis as well as for the preparation and design of a system. The 
method offers the opportunity for adaptive and connected planning and takes different 
strategies for evacuation into account. Preparation for evacuation is defined as maximization 
of the use of the available means and infrastructure for evacuation in the case of a possible 
(threat for a) disaster.  
 
Evacuation planning and exercises in a (multiple layer) risk-based approach 
The need for evacuation planning is widely discussed in literature. Even when it is clear that 
not all the consequences can be prevented by emergency management or evacuation, the 
consequences can be reduced. Much of the literature describes the need to improve planning 
for evacuation. Some literature describes certain types of emergency planning as ‘fantasy 
documents’ (Clarke 1999) or as ‘symbolic planning’ (Helsloot 2007). Literature about fantasy or 
symbolic planning states that investments are made for the decision makers to show that they 
have been responsible, the literature also states that it is also known that these measures 
may not be effective. However, the value of an emergency plan is also based on the 
development of knowledge during the creation of the plan, and training and exercise aim to 
provide and maintain an understanding of the threat and the possible response.  
 
Even when planning documents and the related training and exercise programmes are used to 
increase awareness and the ability to respond (and not as fantasy or symbolic documents), 
risks will still exist. When only the best-case scenarios are used, crisis managers and decision 
makers are only aware of these possible events. In the case of a crisis, leaders will choose 
these approaches even though other strategies may have fewer consequences in reality.  
 
Others have discussed the need to invest in the layer of emergency management compared to 
other layers, such as prevention. When different layers are considered as a parallel system, 
(Vrijling 2009) argues that investments in prevention measures are more cost effective and 
better able to reduce the risk.  
However, in democracies, citizens expect their (chosen) leaders to take responsible measures 
for them in the case of a crisis. Citizens (and media) will respond if they perceive that the 
authority or an official has failed (Boin et al. 2005). In non-democratic societies, the perception 
of the public is less important because there is no mechanism for the public to replace the 
officials within authorities.  
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This thesis argues that the (political) sense of urgency to support realistic preparation is one 
of the challenges for preparation for evacuation. The probability of an event such as flooding 
or a mass evacuation is far less than the period in which a responsible official within an 
authority is in charge. In most cases, the responsible official can promise that the problem has 
been addressed and is solved because no event has taken place. At the same time the plan 
has not been tested and the effectiveness remains unknown. Adaptive evacuation planning 
and preparation requires insight into the real consequences of measures of organisations and 
takes the probability of failure of the measures into account. This thesis also describes a 
model to define the available budgets for emergency preparation (planning and resources), 
land use planning and prevention in a risk-based approach of flooding. 
 
 
2.3 History and literature of evacuation reveals different 
types of evacuation 
 
An analysis of historical evacuations reveals various types of evacuations, relating the 
movements to different destinations and distinguishing whether the evacuation began before 
or after the onset of a disaster. 
 
The onset of evacuation and the destination.  
In New Orleans during Hurricane Katrina, approximately 80-90% (Wolshon 2006) of the people 
left the threatened area. Measures taken by the authorities facilitated the evacuation (as 
contra flow), and more people could leave the area using their cars or by public services 
because of these measures. Others stayed at home or moved to shelters either before or after 
the onset of the disaster (Jonkman et al. 2009).  
 
In the Netherlands, there are examples from the 1953 coastal flood of people moving from the 
threatened area both before (using early warnings) and after the dike breaches upon seeing 
the flood (Slager 2003). During the evacuation of the Dutch river area in 1995, 250,000 people 
moved out the threatened area before the expected moment of flooding (which did not 
happen) (van Duin et al. 1995; Nijmegen 1995). However, some state that a preventive 
evacuation is very dangerous because those who are in the process of evacuating have the 
highest risk due to their vulnerability (Schaap 2010).  
 
Evacuation of people with special needs.  
During the evacuation for Katrina, not all organisations with non-self-supporting people chose 
preventive evacuation; some prepared to continue in situ the best that they could (Donchess 
2006) or gathered in shelters. In New Orleans, people in special situations such as those in 
hospitals evacuated after the dike breached, either on their own or with the support of rescue 
services (Deichmann 2006; Brinkley 2006; McQuaid 2006). 
 
Autonomous or Spontaneous evacuation.  
During the evacuation of Houston due to Hurricane Rita (DHS 2006) and the evacuation of 
some parts of the ‘Rivierenland’ in the Netherlands (Meurs 1996), some people spontaneously 
evacuated while they were unthreatened. This process is an autonomous evacuation based on 
the perception of the risk but can limit the use of infrastructure for those at risk. The total 
number of evacuees increased, but more importantly, the users of the (limited) infrastructure 
and (limited) resources increased as well. For the area of Rivierenland, many people had  
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already evacuated before a call for evacuation was sent out by the authorities. Additionally, 
during a chlorine spill in Graniteville, South Carolina (Mitchell et al. 2007), people evacuated 
because they felt threatened even though in fact they were not threatened.  
 
Continuity of services and business processes during evacuation within threatened 
areas.  
During the 1995 evacuation in the Netherlands, some factories continued their industrial 
processes with the permission of the authorities. For economic reasons, these industrial 
process did not stop but were continued on a lower level combined with protection measures 
for personnel if things should go wrong (for example, the Glass Factory in the city of Tiel 
(Volkskrant 1995)). In New Orleans, companies also offered opportunities for shelter in place 
while they continued their business or were immediately ready to start when the hurricane 
had passed (Ball 2006). 
 
Shelter in place.  
In other countries, such as Bangladesh, people evacuate to elevated areas surrounded by 
floodwater or they do not evacuate (Paul 2009). Historically, the Netherlands also used 
elevated areas, terpen, for evacuation (ten Brinke 2007). This concept was abandoned many 
years ago because a more efficient system, the protective dike defence system, was put into 
place. In Hamburg, the authorities advised citizens in areas not protected by levees or dikes to 
move to higher levels of buildings in the event of a flood risk (Hamburg 2008).  
 
Citizens response and environment.  
While most people evacuate themselves (by car or foot), the event of Xynthia in France in 2010 
showed how the construction of buildings can limit the possibility for evacuation and self-
rescue (Kolen et al. 2012c). All recently developed houses were built at floor level and had 
only a ground floor. These homes were often equipped with electric roller shutters. The 
installations of shutters or iron bars are encouraged by insurance companies who offer 
discounts for reasons of security. During the flood caused by Xynthia, these houses became 
traps for those who sheltered inside them. However, the developments in Hamburg show that 
land use planning and building codes can also be used to develop safe havens (Hamburg 
2008). 
During Katrina, the relative loss of life in the shelters (such as the Superdome in New Orleans) 
was far less than for those who remained in the open on residential streets (Kok et al. 2007; 
Jonkman et al. 2009). From the perspective of preventing loss of life, the Superdome seemed 
to be successful despite all of the human suffering.  
 
 
2.4 Definitions for different types, processes and zones for 
evacuation  
 
Evacuation in this study is defined as the process of alerting, warning, preparing, deciding, 
departing and (temporarily) holding people, animals, personal belongings and corporate stock 
and supplies from an unsafe location to a relatively safer location. This definition excludes the 
explicit announcement of return, as noted in some literature (van Duin et al. 1995) as well as 
the movement to temporarily houses. For example, after Hurricane Katrina, evacuees moved 
approximately six times before reaching their final destinations (Picayune 2005). Directly after 
the mass evacuation of the Rivierenland in The Netherlands, the main discussion between the 
local, regional and national organisations was about the return of the people (van Duin et al. 
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1995; Meurs 1996). Because the risk for loss of life that influences decisions for evacuation is 
less relevant in the case of the return of people, this is excluded in the definition. The return 
of people and the finding of a new equilibrium can be seen as an element of aftercare and 
recovery (Dückers et al. 2012). However, the complexity for decision makers and leaders might 
increase because more time is available to discuss decisions and more possibilities can be 
considered because of the lack of a clear objective such as preventing loss of life.  
 
The definition of evacuation includes a “relatively safe location”. The literature review showed 
that the probability for the loss of life is related to the local circumstances (Kolen et al. 2012b; 
Jonkman and Kelman 2005; Jonkman et al. 2009). Therefore, the destination of the evacuation 
matters because some places are safer than others. Disasters for which an evacuation is a 
possible measure to reduce the consequences can be classified into two types of response 
(Figure 4): 
 Threat-driven: Response in which an evacuation can begin before the onset of the 
disaster because forecasts or other signals are available; 
 Event-driven: Response in which an evacuation can begin after the onset of the disaster 
because no signals are available (or because these are not recognised). 
 
 
Figure 4: Threat- and event-driven response 
Taking the elements of available time, the required time, the destination and the relationship 
between the rescue workers and citizens as variables into account, different types of 
evacuations can be defined (Figure 5). The types of evacuation for threat-driven response, 
before the onset of a disaster, are defined as follows:  
1. Preventive evacuation: The organisation and horizontal movement of people from a 
potentially exposed area to a safe location outside this area that begins before the 
onset of the disaster; 
2. Vertical evacuation: The organisation and a combined horizontal and vertical movement 
inside the potentially exposed area, before the onset of the disaster or moment of 
exposure, to the following areas: 
 Shelters: Strong buildings that offer protection for gathered people and goods (for 
example, the Superdome or the convention centre in New Orleans); 
 Safe havens: An area inside the threatened zone that will not be exposed to a flood 
(for example, an elevated area in the case of a flood, as in Bangladesh). 
3. Shelter in place (or hiding, or shelter in situ): The organisation and vertical movement to 
safe locations inside buildings where people live and work before the start of the 
disaster or moment of exposure at a location (for example, move to upper floors in case 
of a flood). 
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When an evacuation is initiated because of a threat, it is unknown whether (and how) the 
disaster will occur. In the event of the occurrence of the disaster, a second evacuation might 
be necessary for those who evacuated to a (relatively safe) location in the threatened area. 
The following are the types of evacuations that are conducted after an event occurs (event-
driven response): 
4. Acute evacuation: The organisation and movement of people from a potentially exposed 
area to a safe location outside this area, initiated after the onset of a disaster and 
before exposure, controlled by authorities. An example is a bushfire or flooding 
(Mevissen and Maarseveen 2008); 
5. Escape: The organisation and movement of people by themselves through the exposed 
area (as in (Jonkman 2007)); 
6. Rescue: The organisation and removal of people by rescue workers from an exposed 
area (as in (Jonkman 2007)). 
 
 
Figure 5: Different types of evacuations 
An evacuation strategy is defined as the combination of different types of evacuations in one 
strategy and the organisation and execution of the evacuation. In the case of limited available 
time, an evacuation strategy can combine different types of evacuations to reduce the loss of 
life.  
 
An evacuation can be initiated by citizens as well as by authorities. Using the initiator of an 
evacuation and the possible regulation (although this might be symbolic) as a variable, 
different processes of evacuations can be defined: 
 Spontaneous (or autonomous) evacuation: Evacuation initiated by citizen response 
without advice (or orders) from the authorities. An example of a spontaneous 
evacuation is the evacuation of Rivierenland in the Netherlands, when a large group of 
people evacuated before the authorities called for an evacuation (Meurs 1996); 
 Shadow evacuation: Spontaneous evacuation of an area outside a potentially exposed 
area influenced by the risk perception of the people in the area. An example could be 
seen during hurricane Rita in the Houston area and during a chlorine spill in 
Graniteville, South Carolina (Mitchell et al. 2007; DHS 2006); 
 Advised evacuation: Evacuation initiated on the advice of the authorities; 
 Mandatory evacuation: Evacuation initiated by an order (supported by laws) from the 
authorities. A mandatory evacuation does not automatically mean that the evacuation is 
forced due to the lack of capacity of emergency services; 
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 Forced evacuation: An evacuation when all inhabitants are (physically) forced to leave 
the area. For example, policemen check every house and remove people from the 
threatened area. 
 
The definition of evacuation includes geographical components (Figure 6). These can be 
divided into the following area:  
 Threatened area: The area in which people are exposed to the direct or indirect 
consequences of a disaster; 
 Directly exposed area: The area that is affected because of the event (for example, an 
area that may flood, a building that may collapse in the case of an earthquake, etc.); 
 Indirectly exposed area: The area that is affected by the event but not by direct 
exposure to the cause itself (for example, because of fallout of services from the use of 
the infrastructure); 
 Shadow Evacuation area: The area in which people have the perception that they are 
threatened and therefore evacuate even though they are outside the direct and indirect 
exposed area. 
 
 
Threatened area Threatened area and shadow evacuation 
 
Evacuation zone 
      Location of breach(es) 
 
Organisation zone 
Figure 6: Conceptual approach of zones for evacuation 
The Evacuation zone is defined as the area in which people move to a more safe location. The 
evacuation zone is the combination of the threatened area and the shadow evacuation. 
Measures related to the effectiveness of the evacuation have to take the threatened area as 
well as the shadow evacuation area into account because of the consequences related to the 
infrastructure and the use of equipment.  
To increase the effectiveness of evacuation, measures might also be required outside of the 
evacuation zone. This area is called the Organisation zone and is defined as the area outside 
the potentially exposed area in which measures are implemented to support transportation or 
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sheltering from the evacuation zone. The organisation zone therefore consists of the shelter 
zone and the zone where resources, infrastructure or personnel have been claimed to support 
the evacuation and shelter.  
 
 
2.5 The Dutch delta area as a (non) reference for other delta 
areas 
 
Mass evacuation because of possible flooding is a worldwide phenomenon. Several deltas in 
the world face the same problems with evacuation management as a layer of flood risk 
management. Worldwide events illustrate the possible results as well as the problems of 
evacuation. For example, during hurricanes and flooding, people and movable goods might be 
saved through evacuation. Evacuation of buildings in the event (or based on the threat) of 
fire, terrorist attacks, nuclear or chemical accidents, volcanic eruptions, bush fires or 
earthquakes can reduce the loss of life by removing people from danger. A few examples with 
regard to evacuation and flood risk management are given for the following events (for all of 
events outside Dutch Deltas the frequency of the events is far more than the frequency for 
evacuation and flooding in the Netherlands): 
 The Netherlands, evacuation of the area of Rivierenland (1995) and Zeeland (1953); 
 United States, Louisiana Delta (2005); 
 France; Xynthia (2010); 
 Japan; Tsunami (2012); 
 United States, New York and hurricane Irene (2011); 
 Australia, Brisbane flooding (2010 and 2011). 
 
The examples in this chapter shows that evacuation in the Dutch delta is (far) more complex 
because of uncertainties, the size of the event, the impact of a flood and the number of 
people. Therefore the Dutch delta can be seen as a reference delta because complexity is less 
in other deltas. The Dutch Delta has a low frequency for flooding because of dikes, dunes and 
structures. This is to protect large areas that represent a high economic value. Two-thirds of 
the total number of people lives in a flood-prone area, and 70% of the Gross Domestic Product 
is earned in flood-prone areas. Because of the prevention levels that are already in place and 
calls to increase them even more (Deltacommissie 2008), it can be questioned whether 
investment in emergency management with regard to flood risk should be made. Risk 
assessments show that flooding is considered to be the disaster with the highest 
consequences in the Netherlands (BZK 2009). Earlier research showed that the risk of flooding 
is relatively high compared to other possible incidents (ten Brinke et al. 2008a; RIVM 2004). 
The low frequency of flooding also means that there is almost no real (or out-dated) 
experience with evacuation, but the risk persists. Therefore, evacuation is a low-frequency 
event for the Netherlands. Experiences with mass evacuation and flooding are limited. After 
the last mass evacuation (in 1995 see (van Duin et al. 1995; Meurs 1996)) and mayor flood 
(1953, see for example (Slager 2003; Lumbroso and Vinet 2011; Vinet et al. 2012), the approach 
to emergency management and prevention changed. Attention for emergency planning rised 
and a delta program to improve levees were executed. However the public perception of the 
flood risk is very low (Terpstra 2009; NIPO 2006), as is the level of attention to this issue from 
decision makers and policy makers which also tend to decline over time (ten Brinke et al. 
2008a). An evacuation in the Dutch Delta is a complex operation because of the size of the 
treat, the available lead time, uncertainties, and the number of people involved related to the 
road capacity (Barendregt et al. 2005; Jonkman 2007; Kolen and Helsloot 2012b). It is therefore 
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known that for some areas a preventive evacuation cannot always by completely executed, 
although the focus remains on preventive evacuation. Large-scale flooding can occur from 
rivers as a result of extreme discharges as well as from the sea due to storm surges. Forecasts 
of hydraulic loads for extreme water levels in rivers (Rhine and Meuse) have a relatively long 
lead time and a small bandwidth of uncertainty. In addition, signals will be available for floods 
in smaller upstream catchments in Germany and Belgium. However, in the case of a storm 
surge, the lead time is relatively short and uncertainties are high. The areas of South and 
North Holland are hardly able to evacuate in time. Other coastal areas, such as the province of 
Zeeland, can evacuate in less time because the load on the infrastructure is less.  
 
The Dutch delta however can also be seen as a non-representative delta because of the 
preventive measures taken. These (manmade) measures reduced the probability of flooding 
and therefore the risk by far. As a consequence the economy and culture (as the governance 
style “polderen” which is based on cooperation and negotiation) could develop.  In the Dutch 
Delta the flood risk is reduced that far so the risk is not perceived any more by citizens, in 
other words other risk are perceived to be more relevant. The limited risk perception however 
is also a complexity for emergency planning and one of the elements of adaptive evacuation 
management as one of the research objectives of this thesis.  
 
The Netherlands and the evacuation of the area of Rivierenland in 1995 and Zeeland in 
1953.  
Because of the high water levels of the rivers, the area of Rivierenland was evacuated in 1995 
(250,000 people); however, the area did not 
flood (van Duin et al. 1995). The event had an 
estimated return period of 50 years (WL 1995; 
Parmet 1996). Afterwards, discussions arose 
about the need for evacuation. The call for 
evacuation was placed in the perspective of 
water boards who claimed a larger budget to 
invest in flood prevention (Meurs 1996). During 
the event, the “dijkgraven” as chairman of the 
Waterboards indicated that they could not 
guarantee absolute safety. This information 
was used by mayors and decision makers on 
the provincial and national level to call for 
evacuation.  
 
The coastal flood of 1953 (southwest of the Netherlands, 1836 fatalities) showed limitations of 
a better warning system as well and the perception of the risk. During 1953, the warning was 
delayed due to procedures, and limitations of media as the broadcasts on radio stopped after 
midnight. In additions the decision makers (as mayors) did not understand the warning and 
set other priorities (Slager 2003). More lead time and more early response to warning by 
authorities could have led to more available time for citizens to save themselves. Because the 
lack of a warning and ignorance of the warning by decision makers many people were 
surprised by the event. The flood of 1953 (with an estimated return period of 300 years) 
resulted in a delta plan for flood protection and a greater focus on flood prevention based on 
the philosophy that this might never occur again. 
 
Figure 7: Flooded highway during a period of 
extreme water levels in 1995 and the evacuation of 
the area of Rivierenland 
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United States, Louisiana Delta (2005 and 2008).  
Evacuations elsewhere in 
the world demonstrate 
the impact of strategic 
choices and decision ma–
king on evacuation. After 
the flood in New Orleans 
caused by hurricane 
Katrina in 2005, which 
caused more than 1100 
fatalities in Louisiana 
(Jonkman et al. 2009). The 
levees were designed for 
an event with a return 
period of 30 years (Sills et 
al. 2008). Some literature 
suggested that earlier and 
more robust involvement 
at the national level (such as FEMA and the Red Cross) might have reduced the consequences 
(Parker et al. 2009). Despite more people evacuated preventive than was expected, based on a 
survey among citizens it was expected that about 70% of the people would evacuate (Van 
Heerden and Streva 2004).  
In the same area that was evacuated during Hurricane Gustav, the lessons learned were put 
into practice during the evacuation in 2008 (Cole 2008). However, the area did not flood but 
Hurricane Gustav itself caused damage inside the flood-prone area as well as outside of this 
area, where people were sheltered. Services in the shelters in the Baton Rouge area were 
down for a longer period than for those who did not evacuate and remained in the city of New 
Orleans (Boin 2009). Before the storm made landfall, it was described as the ‘mother of all 
storms’ by leaders. This phrasing, or symbol, was used to make people aware and willing to 
respond, but it can be questioned what kind of frame is needed the next time to make people 
evacuate.  
 
France, Xynthia (2010) 
 
REFERENCE 
This section is based on ‘The impacts of Storm Xynthia Feb. 27-28, 2010 in France: lessons for flood 
risk management’ as published the journal of flood risk management (Kolen et al. 2012c) 
 
On Sunday, 28 February 2010, around 2.00 am, the storm Xynthia (official French name 
‘Tempête Xynthia, Feb. 27-28, 2010’) reached the west coast of France and caused large-scaled 
flooding of coastal areas. The storm claimed dozens of casualties and caused major damage 
along the Iberian Peninsula in France, Germany and the Benelux countries. A total of 65 people 
were killed. In most of the in total, 47 of the casualties were caused by the flooding along the 
coasts of the Vendée and Charente-Maritime in the western region of France. The return period 
was about 100 years (Kolen et al. 2012c). 
 
Loss of life in the flooded area was caused by multiple reasons. Some people were trapped in 
their houses because electric lockers on doors and windows could not be opened any more 
when the electricity went down and flood water entered the houses. The remaining casualties 
 
  Figure 8: Contra flow system in New Orleans (Picayune 2007) 
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occurred as a result of the storm 
winds, which caused hazards 
such as falling trees (the wind 
also caused problems for the 
emergency services as well). 
 
A few days before the storm, the 
meteorological institute issued a 
warning for strong winds but 
also predicted high waves at the 
coast. Combinations of various 
factors (depression, wind, tide) 
were predicted to lead to a 
temporary rise of the sea level, 
causing parts of the coast to 
flood. Although Météo-France 
had reported the risk of rising 
water levels, they could not 
forecast exactly how high the 
water would rise. In France, 
flood warnings are given based 
on forecasts made by regional 
hydrological/meteorological 
centres (Ministere de L'Ecologie 
2010). Currently, the subsequent 
conversion of weather forecasts 
by Meteo France into estimates 
of local water levels and the 
subsequent (in the case of 
exceeding alarm criteria) 
warnings from the mayors of the 
municipalities is explicitly a responsibility of the prefectures. Therefore, each prefecture has its 
own hydrologist or system. This requires that these hydrologists should identify the possible 
flood risk (using the information of forecasters of Météo-France) based on the forecasts of the 
storm and tide and inform others.  
 
During the eve before the dike breaches, the expected wind speed was less than the wind 
speed during the 1999 storm (when no flooding occurred). Therefore, the threat of coastal 
flooding was not widely recognised. The combination of the wind speed and the high tide was 
not taken into account. Prefectures and local authorities claim that they were not focused on 
the rising water levels and the need to warn of flood risks because this information was 
"melted" into the usual list of hazards and subsequent storm recommendations. The use of 
technical language in the flood warnings, e.g., the word ‘setup’, or in French, ‘sur-cote’, as the 
additional rise of the water level caused by the influence of the wind on the tide, was not 
understood (Anziani 2010). As a result, no large-scale evacuations were recommended or 
carried out (Figaro 2010).  
 
After the disaster, an emotionally and politically charged debate emerged on the causes of this 
disaster. This debate focused on a controversial subject: over the last twenty years, holiday 
homes were built at many locations along the French coast. It was well-known that these 
 
Figure 9: The areas affected by the floods in Charente-Maritime 
(Charente-Maritime 2010) 
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coastal areas were (and are) prone to flooding. Most dikes are (implicitly) designed for a 
hydraulic load level that occurs once every 100 years. This debate also focused on difficulties 
in providing an adequate flood warning to the population at risk and related to when and how 
to decide to evacuate. Commentaries from the involved parties reveal powerlessness in 
decision making. L'Express, for example, asked why there was no evacuation after the warning 
by Météo-France. The prefects say that it was not that simple. ‘I signed a code red on 
Saturday, the 27th of February, at 16.00 pm, which was sent to the officials, along with a press 
release to inform the general public’, says Beatrice Lagarde, the sub prefect of the Vendée, she 
also said ‘There were no warnings about floods or failing flood defences. We cannot fantasise 
about risks and dangers ourselves. And what were we to do at the time that the risk spread 
over the entire territory of the Vendée – 600,000 persons? Where could we have gone at 22.00 
pm to evacuate the 400,000 occupants who were threatened? To the Sahel?’ (L’Express 2010).  
 
Japan, the Tsunami after The Great Eastern Japan Earthquake (2011) 
The Great Eastern Japan Earthquake and Tsunami of 11 March 2011, inundated over 560 square 
kilometres of land, devastating a large number of coastal communities, causing over 19,000 
casualties (including missing people) (Gokon and Koshimura 2012; Mori et al. 2011). The total 
economic loss estimates were 210 to 330 billion US dollars (Economist 2011). Another 
estimation of the damage was made by CATDAT. They estimated the damage between 100 to 
500 billion dollars. Approximately 60% of the damage was caused by the tsunami (CATDAT 
2011). Many houses were washed away or were completely devastated (Gokon and Koshimura 
2012). Six hours after the earthquake on March 11, the International Atomic Energy Agency 
reported a nuclear emergency at the Fukushima Daiichi nuclear power plant. Due to the strong 
earthquake, the process of shutting down the three operating reactors was automatically 
initiated. This process requires diesel generators to power the water pumps that are supposed 
to supply water to the fuel rods in the reactors in order to cool them down. The operation of 
the diesel generators failed on the 11th of March, which should have prompted a system of 
back-up generators to activate. Due to the tsunami inundation, the back-up generators were 
damaged, and they did not work. After the first explosion, the area within a radius of 20 
kilometres from the nuclear plant was evacuated. After the second and third explosions, an 
exclusion zone was established within a radius of 30 kilometres around the Fukushima Daiichi 
nuclear power station, and the Japanese authorities took immediate action to cool down the 
overheated reactors and to prevent con–tamination of the surrounding region. 
 
As many catastro–
phic tsunamis have 
been recorded in 
the history of 
Tohoku and seismo-
logists have re–
marked on the high 
probability of a ma-
jor earthquake that 
could generate a 
large tsunami in 
Japan, the region 
was considered 
highly prepared for 
a tsunami. However, 
the event of March 
 
Figure 10: Overview of the tsunami survey results and impact of the tsunami in 
meters (JSG 2011) 
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11 exceeded expectations and overwhelmed the flood risk measures. Dams, barriers and 
structures flooded or collapsed, evacuation planning was overwhelmed and multiple buildings 
were washed away (Mori et al. 2011). The tsunami of March 11, 2011, whose return period has 
been suggested to be 1000-1200 years (Fujita 2011), exceeded assumptions made in advance 
of the disaster as used for preparation (CDMC 2011). The return period however remains topic 
of discussion because during the last century an event of the size has occurred in Japan. 
 
Due to the frequent occurrence of tsunamis in the Sanriku region, the local society was well 
prepared and willing to evacuate. Moreover, the so-called “tendenco” local culture of mutual 
trust may have prevented many casualties. The literal meaning of tendeco is that people trust 
that their families will also be properly sheltered, and as a consequence, during a tsunami 
alarm, they shelter themselves immediately without looking for their family members first, 
which could take precious time (SA-OIC-KU 2011). In other regions in Japan, this tendeco did 
not take place. The early warning system worked effectively, as the tsunami alarm was issued 
only three minutes after the earthquake (SA-OIC-KU 2011). Approximately 57% of the people 
began evacuation directly after the earthquake without additional warning because the felt the 
earthquake, 31% of the people evacuated after receiving the warning and 12% did not 
evacuate for a number of reasons (Hayashi 2012).  
 
The first order of the Government was the deployment of 100,000 Japanese troops, 190 
aircrafts and 45 boats to immediately start the search and rescue operations (University 2011). 
Within one week, more than 70,000 Japanese and 2,000 international search and rescue 
personnel were deployed in Tohoku, consisting mainly of soldiers, fire fighters, doctors and 
engineers (MOD 2012).  
 
Hurricane Irene, United States (2011) (after (Kolen et al. 2012a)) 
Hurricane Irene was a powerful Atlantic hurricane that caused extensive damage throughout 
the Caribbean and along the eastern coast of the United States. The first major hurricane of 
the 2011 annual hurricane season, it began to show signs of organising east of the Lesser 
Antilles and public advisories were sent out late on August 21st. On August 22nd, Hurricane 
Irene made landfall (see Figure 11) as a Category 1 hurricane in Puerto Rico, resulting in 
severe flooding and property damage. 
As Irene intensified, it travelled north of 
Hispaniola, killing seven people. It 
transitioned into a Category 3 major 
hurricane while passing through the 
Bahamas, resulting in widespread 
structural damage. Irene’s first landfall 
in the United States occurred on August 
27th as a Category 1 hurricane in the 
outer banks of eastern North Carolina 
and moved through south-eastern 
Virginia. The second landfall in the 
United States was on August 28th in the 
Coney Island area of Brooklyn, New 
York. This caused extensive damage to 
eastern upstate New York and Vermont, 
initiating their worst flooding in 
centuries. In the U.S., Hurricane Irene 
generated mandatory evacuation orders 
 
Figure 11: Path of hurricane Irene (Wikipedia 2013) 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
42 B. KOLEN  
for 2.3 million people, and it resulted in at least 40 deaths and long-term power outages for 
approximately 9 million people. Although not yet finalised, the combined monetary losses in 
the Caribbean and in the United States are estimated to be 10.1 billion U.S. dollars. 
 
Hurricanes however, also for New York, are a frequent event for the US (OEM 2013). As a 
consequence citizens as well as emergency services have experience with these events.  
 
Australia, Queensland floods (see also (Coates et al. 2012)) 
During the Queensland floods from December 2010 to January 2011, 35 people drowned, 9 
people are missing and 386,000 
square miles flooded (Coates et 
al. 2012). Three-quarters of the 
state of Queensland was 
declared as a disaster zone 
(Bureau-of-Meteorology 2012). 
The area has a history on 
flooding with 2 other large scale 
flooding events in the last 150 
years.  
 
The flash flood (10 January) in 
the city of Toowoomba and the 
Lockyer Valley and flooding from 
the Brisbane river on the 11 and 
12 of January that flooded parts 
of Brisbane had the highest impact. During these two events, 24 people died. A warning for 
the flash flood was issued by the authorities (Commonwealth Bureau of Meteorology) 1.5 
hours before the flash flood occurred in Toowoomba. Citizens also warned each other when 
they recognised the threat, approximately three-quarters of an hour later than the authorities. 
Many people evacuated after receiving both warnings. One important lesson is that a 
preventive evacuation was not possible, although it was the cornerstone of the policy in 
Australia in response to flooding. Sheltering in place or vertical evacuation might be an 
alternative and should be further developed.  
 
Reflection on experiences 
The cases discussed in this section illustrate that evacuation is a possible measure to reduce 
the risk in delta areas. However, it is also shown that the local circumstances vary widely and 
the impact of ontological and epistemic uncertainty and human failure. The complexity of 
evacuation rises when the consequences increase and when the available time for evacuation 
decreases. Also unforeseen (or unplanned) events can occur as falling trees, shutters on 
houses which cannot be opened etc. The general lessons of these events are as follows: 
 In addition to the probability of flooding also the area a risk and prone to flooding from 
rivers, storm surges or hurricanes is uncertain at the moment when decisions are made 
about evacuation; 
 Each delta has flood protection (as structures, dunes or levees) or planned mitigating 
measures, such as shelter areas. However these all have (implicit) design standards and 
can fail; 
 The public perception of the flood risk is limited in most deltas, even when floods 
happen more frequent; 
 
Figure 12: Brisbane flooding (The-Sydney-Morning-Herald 2012) 
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 Most people rescue themselves before or after a flood, the number of people in an area 
is far more than the number of rescue workers; 
 After time, societies start to plan and develop activities in this area because of 
economic reasons (as for example in Japan (Suzuki 2012). This will also make it difficult 
to recognise a threat and act on it, as could be seen during Xynthia in France in 2010 
(Kolen et al. 2012c); 
 Deltas are developed for economic reasons. These areas have a great value, and many 
people live in deltas. Evacuation can therefore be very costly; decision makers face this 
trade-off between costs and benefits directly; 
 A preventive evacuation is not always followed by a flood (e.g., Hurricane Gustav in New 
Orleans, Hurricane Irene in New York, etc.). Planning documents are based on the 
activation of triggers in advance of a possible flood and based on a better safe than 
sorry approach. The frequency of evacuations and floods also influences risk perception; 
 Sometimes no evacuation takes place before the onset of the flood as could be seen 
during Xynthia. The choice not to evacuate is a realistic alternative for decision makers;  
 The risk of flooding is recognised in many areas and often is higher than other types of 
disasters. Examples are in the United States of America (Van Heerden and Streva 2004), 
the United Kingdom (Cabinet-Office 2008) and in France (Defense 2004). 
 
When evacuation is applied in the Netherlands, the complexity becomes clear because of the 
low frequency of the event, the low risk perception of the public and decision makers, the 
size of the event and the involvement of multiple authorities. Furthermore, there are many 
citizens to be evacuated and a limited capacity of the infrastructure. In appendix C the Dutch 
context is described in more detail. Throughout all chapters, comparisons are made between 
events in the Dutch Delta and other events, such as the experience of Katrina and Gustav in 
New Orleans, Louisiana. 
 
 
2.6 Concluding remarks 
 
Evacuation is a widely accepted emergency measure that is taken to partly reduce the risk of 
flooding or other types of disasters. The risk is reduced through a reduction of the 
consequences such as loss of life and damage in the case of a disaster. A general definition 
for evacuation, covering all types, is the process of alarming, warning, preparing, departing 
and (temporarily) holding people, animals, personal belongings and supplies from an unsafe 
location to a relatively safer location.  
The context of the specific type of disaster strongly influences what is understood by 
evacuation. In fact, specific types of evacuation can be defined considering when and how 
people move from A to B related to the onset of a disaster as well as the relationship between 
citizens and the authorities and emergency services and the destination (of B). Six different 
types of evacuation have been defined that contain all possible forms of movement from one 
place to another (preventive evacuation, vertical evacuation, shelter in place, acute 
evacuation, escape and rescue). The different types of evacuation can be applied for multiple 
hazards, including floods. In the case of threat-driven response, a preventive or vertical 
evacuation is not possible because these types of evacuation start before the onset of a 
disaster. In the case of a threat-driven response, all six types of evacuation are possible and 
depend on the decisions made and uncertainty. 
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To increase the effectiveness or performance of an evacuation of an area – the evacuation 
zone - measures may be needed outside of this zone – the organisation zone – which will 
therefore also be affected because of the evacuation. 
Evacuation planning (and exercises) often focuses on ‘best-case scenarios’ when the disaster 
and all measures are planned in advance and occur as expected. Circumstances of real events 
often do not meet these assumptions. Because evacuation events are low-frequency, this type 
of planning creates blindness by crisis managers and decision makers. The planned measures 
might not be effective, or they may even be counterproductive, in more realistic 
circumstances. 
 
 
  
PART II 
EVACUATION 
FRAMEWORK 
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3 Transition phase: from day-to-day 
life to evacuation mode 
 
 
Abstract 
This section introduces a framework that can be used to model the effectiveness of an 
evacuation. This framework is used to analyse the (im)possibility of coordination during an 
evacuation in the case of threat-driven or event-driven scenarios. The process of making 
decisions regarding whether or not to evacuate and the chosen strategy for evacuation is 
referred to as ‘top strategic decision making’. In the case of an event-driven response, 
coordination can become effective over time. In the case of a threat-driven response, 
measures can be implemented to increase the effectiveness of evacuation. However, over 
time, several stakeholders will start to act with or without additional involvement of the 
authorities because of top strategic decisions. When decisions are made by authorities after 
an evacuation has already started based on an autonomous process, these decisions might 
be less effective or they even cannot be implemented. In the case of threat-driven responses, 
decision makers are confronted with uncertainties about the threat and the consequences of 
the measures.  
This section introduces 4 phases of evacuation preparation. During phase 0 of planning and 
design, the conditions (such as road capacity, number of emergency personnel, emergency 
structure, forecasting systems, etc.) are created that become the boundary conditions for a 
future response. Phase 1, the detection and recognition of a possible threat initiates the start 
of the crisis and the possible decisions regarding evacuation. In the 3rd phase, the chosen 
strategy is conducted, and during the ongoing operation, the role of the decision makers is 
limited with regard to the strategy. New information that could result in strategy choices 
might not be implemented any more because the logistic mass operation is ongoing. The 2nd 
phase, called the transition phase, describes the period when decision makers and crisis 
managers can transform the society from the daily conditions to an evacuation mode. During 
this phase, the environment and risk perception can be influenced, and resources and 
personnel can be re-allocated to increase the effectiveness of the evacuation. Because of 
uncertainties, such as those discussed later in this thesis, the available time for a phase 
cannot be defined in advance as well as who makes decisions. Also the effectiveness of 
decisions depends on several conditions. Therefore, the consequences and uncertainties have 
to be taken into consideration for multiple strategies of evacuation. These can be used in 
realistic and adaptive evacuation planning based on a probabilistic approach. This takes 
multiple possible strategies into account including the strategy not to evacuate.  
 
 
3.1 Four elements in a framework to describe the 
consequences of evacuation 
 
This section is based on ‘EvacuAid: a probabilistic model to determine the expected loss of life for 
different mass evacuation strategies during flood threat’ as published in Risk Analyses (Kolen et al. 
2012b). 
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In the case of the threat of flooding, the citizens, companies and authorities will act on the 
(perceived) threat and the consequences of the possible measures. Human interventions can 
reduce the consequences of a flood. The effects of human interventions could be seen during 
Katrina along the Louisiana and Mississippi coast based on the results of contra flow (Wolshon 
2006), decision making (Parker et al. 2009) and the loss of life (Jonkman et al. 2009), as well 
as during the flood of 1953 in the North Sea Area (Gerritsen 2005; Slager 2003) and Xynthia in 
France (Kolen et al. 2012c; Lumbroso and Vinet 2011). When people move out of the potentially 
exposed area or move to relatively safe places, such as high grounds of shelters, they are less 
vulnerable in the case of a flood. In addition, traffic management and mass communication 
campaigns can be implemented in the case of a threat to maximise the possibilities for mass 
evacuation. These human interventions require decisions and response by citizens and 
authorities; each response are primarily based on information about a possible threat, the 
expected consequences of the threat and the expected consequences of the emergency 
measures. The authorities can influence the ‘physical environment’ and the public perception 
to create physical boundary conditions for a later response and influence behaviour to 
increase the effectiveness of the emergency measures.  
 
Societies can absorb many types of disturbances (Rasmussen 1997). When disturbances are so 
large that these cannot be controlled or minimised within the normal structures, then these 
structures can be changed. Crisis management by authorities can be seen as such a change to 
normal structures and relationships. Measures can be implemented more quickly and 
authorities can act on emergency laws or compensate damage.  
Emergency measures however do not by definition create better circumstances. Although an 
intervention by itself might be successful because for example a person is saved by a fire 
fighter, this intervention can also limit others who are attempting to evacuate. For example, 
when roads are closed (partly) for this rescue mission, these roads cannot be used for 
evacuation and the total time needed for evacuation will rise. When an area is exposed to a 
flood, the environment and infrastructure can also be affected by chain effects (as breakdown 
of electricity) or an overload of people and cars. In addition weather conditions such as 
extreme wind speeds influence the effectiveness of the measures and can create additional 
damage.  
 
Four elements can be distinguished to describe the effectiveness of an evacuation (after 
(Gwynne 2002)): 
1. Threat and impact: depend on the lead time, the probabilities of rising water levels, 
numbers and size of breaches, threatened areas based on possible flooding scenarios 
and the impact of them. The size of the threat may be large or small, and the lead time 
can vary from days to none at all in the case of unexpected events; 
2. Citizens’ response: depends on the risk perception of the citizens, the available 
information, the available means, animals, and the family situation; 
3. Decision making by authorities (Authorities’ response): depends on the risk perception 
of the decision makers, experience with real events, training or exercises, information 
management, and the quality of emergency planning; 
4. Environment and traffic infrastructure: depends on the demographics, infrastructure and 
available means for rescue workers and the ability to take mitigating measures. 
 
The four elements within the framework for evacuation and the impact of uncertainties are 
elaborated in sections 4 through 7. In this section, the general phases of evacuation are 
introduced. Special attention is paid to the ‘Transition Phase’, when measures are 
implemented to facilitate an evacuation in the near future but that limit other processes (such 
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as economical activities). The decision making process is referred to as ‘top strategic decision 
making’. The ability to implement these decisions is discussed in the section that discusses 
the potential for coordination. 
 
 
3.2 Potential for coordination in the case of an event-driven 
or threat-driven response 
 
In the case of a large-scale disaster, such as flooding because of storm surges, hurricanes, 
tsunamis or extreme river discharges, many stakeholders will be confronted by the threat and 
have to use limited resources and traffic infrastructure (Kolen and Helsloot 2012b). The 
activities of emergency services might interfere with measures to minimise the loss of life and 
damage during a mass evacuation. Traffic control by police forces, for example, could increase 
the time needed for evacuation. An attempt to register all evacuated persons might limit 
evacuation itself. The theory of Distributed Decision Making, defined as the design and 
coordination of connected decisions (Rasmussen et al. 1991), other literature describes how 
multiple decisions in a situation with multiple interests of organisations and citizens are 
related (Schneeweiss 2003). In modern democracies, the responsibilities of the government are 
spread over several independent organisations in such a way that they cannot be completely 
controlled by a central body. Most likely a decision by one of the authorities will not be 
exactly in line with the decision of others, even when these decisions are guided by laws as 
illustrated by the exercise Waterproef in section 5.6. Additionally, during daily routine and 
during a crisis, organisations aims to fulfil their own tasks and responsibilities. 
 
 
3.2.1 Threat-driven response 
 
In the case of a threat-driven response, after the detection of a threat the authorities and 
citizens can transform the society from day-to-day circumstances into an evacuation mode. 
During this transformation, conditions can be created that support the evacuation but limit 
other (economic or social) activities. Based on early warnings as well as other signals, and 
because of the knowledge of the threat, the authorities and citizens become aware and will 
make sense of the situation (they will understand the threat and be willing to act on this 
information). Whether a warning is early or not depends on the time needed to complete the 
measure.  
The authorities can influence the effectiveness of the evacuation by influencing the use of 
infrastructure, the use of resources such as emergency services and the army and by 
influencing the public through communication. Traffic management can be implemented to 
support the outflow of traffic. For those who evacuate, optimal circumstances can be created 
(the evacuation mode). Examples are the contraflow system in New Orleans (LA-DOTD 2009) 
and the National Traffic Management in the Netherlands (Wegh 2008). By implementing these 
types of measures, the environment, and especially the infrastructure, can be transformed to 
create a greater capacity for a mass evacuation. 
 
Many studies have argued that citizens will act in a rational manner in the case of a crisis 
(Helsloot and Ruitenberg 2004; Quarantelli 1999; Perry 2003b). Citizens will take measures 
when they feel threatened and evacuate themselves to a place that they think is appropriate 
for them. The citizens’ responses during an evacuation are strongly influenced by their belief 
in their own capabilities (Sillem 2005). Citizens gather information using multiple sources, 
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such as the Internet, radio, television and social media. This information, as well as opinions, 
is partly distributed by the authorities and by the media, family structures or social networks, 
experts and other citizens using (social) media. Thus, views other than those of the 
government will be widely available and compete to be heard and believed. The authorities 
can also be aware of this process and support by providing additional information. When more 
information is provided, the literature shows that citizens act in a more appropriate way 
(Mileti et al. 1975) and effectiveness of evacuation can increase (Huibregtse 2013).  
In the case of a threat, mass communication campaigns about the risk and the disaster can 
inform the public about the risk and possible measures. The authorities can also pay extra 
attention to special groups, such as people at care institutions. These measures will influence 
the citizens’ response and use of the infrastructure. Communication can be specified up to the 
personal level to increase effectiveness of evacuation (Huibregtse 2013). When time is limited, 
a risk-based approach can identify the most vulnerable areas and select the most effective 
measures or strategies. Finally, this might reduce loss of life and damage because people will 
be able to make better choices. 
 
With or without a call for evacuation by the authorities, people may initiate an evacuation 
spontaneously. By definition, the perception of the risk is not equal to the real risk; therefore, 
areas that will not be exposed can evacuate. This is called a shadow evacuation (Mitchell et 
al. 2007; DHS 2006). The response of the public can reduce the capacity of an infrastructure, 
for example, by causing an overload of a highway and making extra trips that cause 
interference with other routes. Furthermore, people may separate and evacuate in more cars, 
resulting in a higher traffic load and congestion. The impact of overloading the infrastructure 
becomes clear not only during normal traffic jams but also when more people evacuate than is 
necessary in the case of a spontaneous evacuation or shadow evacuation. This could further 
reduce the effectiveness of evacuation. Additionally, a higher load on the road networks 
outside the evacuation zone will decrease the outflow rate of the threatened area because 
others will also use the road capacity. This is illustrated by the contra flow system of New 
Orleans, where traffic management is be implemented in the states of Louisiana and 
Mississippi to support evacuation of the coastal areas and New Orleans (Wolshon 2006). 
 
 
3.2.2 Event-driven response 
 
In the case of an event-driven response, multiple stakeholders are directly faced with the local 
consequences which will initiate their response. Most of the responses during the initial 
stages after any large-scale (threat driven) disaster are provided at a local level by local 
emergency personnel and bystanders (Yang 2010; De Ville De Goyet 2000). The location of the 
people, what they see, know and understand about the disaster and the consequences 
influences their perception of what is going on. The theory of Natural Decision Making 
describes how people decide based on the situation with which they are confronted. It is 
known that decisions are made in split seconds (Fjellman 1976). This theory can be applied to 
citizens as well as emergency personnel and decision makers. Local emergency services or 
first responders will be directly involved because their personnel are in the vicinity and will 
start to act. The available rescue workers, means and use of other infrastructure are, by 
definition, not optimally situated for the event because the characteristic of the event is not 
known in advance. Additionally, nearby citizens will begin to help each other.  
 
When a disaster occurs, the people and first responders of emergency services in the field 
only see what is happening in their surroundings and first of all add information to the 
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common operation picture. Based on this information, and their own capabilities, they will 
start to rescue themselves or others. Local commanders or first responders cannot wait to 
make their choices because the (top strategic) decision makers elsewhere in crisis centers 
have to gather information and analyse the situation and define instructions. Over time, more 
information about the flood or evacuation becomes available to the first responders, society 
and the decision makers via the crisis centres. However, this information is never perfect 
because gaps and overloads remain, and it is out-dated after interpretation because the local 
situation changes very quickly.  
 
This means that coordination (between authorities and their crisis centers and decision 
makers, emergency organisations and their crisis teams and decision makers, experts and first 
responders in the field) with a hierarchical body will slowly develop. Information systems can 
fail or people can be overloaded with information. Using information about the threat and 
consequences (possible scenarios), where the rescue workers and resources are located and 
about the response of the citizens will support the impact of the coordination over time 
because decision making will improve (Aldunate et al. 2005). This process will be influenced 
by gaps as well as overloads in information, rumours and false information. The availability of 
information does not automatically lead to the optimal decisions to minimise loss of life and 
damage. Different stakeholders can give different frames to information based on their 
objectives and perceptions (Brugnach et al. 2008). Decision makers therefore should accept 
that information is never perfect and therefore decide using imperfect information and deal 
with uncertainty. Top strategic decision in crisis centers is limited to influence on-going 
response, however it can influence the nearby future, as in case of a flood the next hours or 
days, to create better conditions for the (citizen) response and recovery. 
 
 
3.2.3 Perspective of evacuation in the case of a threat-driven response 
 
A call for evacuation in the case of a threat-driven response means that decision makers  
(or citizens) are willing to cause economic damage and even accept the loss of life (by 
evacuation) to reduce the uncertain consequences of another, potentially worse, event. 
Because of the existing of early warning systems and crisis management structures, the 
authorities can provide some advantages to citizens at the time that they become aware of 
the threat. For example, the authorities can be warned by the following: 
 Meteorological offices that make weather forecasts in cases of a threat due to extreme 
weather; 
 Hydro Meteo centres and centres for Water Management regarding flood risk; 
 Earthquake centres and volcanic centres regarding the monitoring processes; 
 Intel services regarding the risk of terrorist attacks. 
 
An evacuation in a threat-driven response and can therefore be organised or facilitated to 
some degree. Therefore, measures have to be implemented in time to anticipate on nearby 
response. The day to day life when people go to school and work has to be transformed in in 
a new situation. This new situation is called the “evacuation mode” and has to be created to 
maximise the effectiveness for evacuation. In case of threat-driven response the decision to 
create an evacuation mode is made by top strategic decision makers. Will they act using early 
warnings, or will they continue with their daily work, which may also include various 
deadlines? Emergency personnel and citizens are not immediately confronted with the need to 
act during the early stage of a threat-driven response, especially when the probability is very 
low. This response has to be initiated by decision makers and organised by crisis managers. 
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Except for top strategic decision makers, no one else is directly confronted with the 
consequences. Therefore the pressure to make decisions might be limited because limited 
people are aware. This might result in calls for further information gathering and a delay of 
decision making while others become aware and autonomous response will start based on 
their own interpretation of the information and their own role (Cannon-Bowers and Salas 1998; 
Zsambok and Klein 1997). Critical moments could pass such that some emergency measures 
(such as a preventive evacuation) can no longer be completed. When more people and 
authorities are involved and when they start to make decisions, it will be more difficult to 
develop and maintain a common picture and implement measures in time based on an overall 
perspective. It cannot be guaranteed that all citizens and all governmental organisations will 
act as hoped by the central authority despite that information is available about a threat 
(using scenarios) and reports about decisions made. The role of decision makers is further 
elaborated in chapter 5, the transition phase in the next section. 
 
 
3.3 Top strategic decision making during the transition phase 
 
 
3.3.1 Background of transition phase 
 
The transition phase reveals the role of top strategic decision making in the mass evacuation, 
which consists of creating conditions for other decisions to be made and emergency measures 
to be implemented in the near future by authorities, emergency services and citizens.  
Top strategic decision making for mass evacuation addresses the strategy for evacuation with 
regard to (1) when to initiate an evacuation and (2) the type of the evacuation (preventive, 
vertical or the use of shelters) to create the optimal circumstances for the evacuation. The top 
strategic decision maker is at the top of the decision making tree. For the Netherlands in the 
case of large scale flooding, this will be the Ministerial Policy Team lead by the political 
leaders of all departments. Top strategic decision makers will automatically be confronted with 
many choices, great uncertainties and great consequences in all circumstances. Uncertainties 
occur, for example, in the prediction of flooding (size, probability of occurrence) (ten Brinke et 
al. 2010; Kolen et al. 2011a), the effectiveness of emergency measures (Kolen and Helsloot 
2012b) and uncertainties about how other stakeholders (as local authorities, first responders 
and citizens) will respond. 
 
When forecasts become clearer and uncertainties of forecasts decline as shown in Figure 16, 
people and decision makers begin to act over time. The autonomous response of citizens can 
create an overload or inefficient use of the road capacity, the available equipment and 
limitations for authorities to implement further mitigating measures. Several models describe 
the possible response of citizens in the case of a natural hazard based on the interaction 
between environmental processes, social processes and individual processes (Lindell and 
Perry 1992; Kolen et al. 2012b; Grothmann and Reusswig 2006; Sorensen 2000). In the case of 
evacuation due to flooding, it is known that not all people will act directly after receiving the 
warning, as it takes time after a warning before people will begin to evacuate (Lindell et al. 
2002). Because floods do not respect administrative boundaries, multiple decision makers are 
involved. The autonomous response of these decision makers can result in counterproductive 
measures as well as less optimal use of the available resources and infrastructure.  
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The impact of these ‘top strategic decisions’ depends on the possibility of creating the 
circumstances that facilitate the future response by several stakeholders and citizens. 
Literature described this process as reflective decision making: the decision has to be made in 
relation to the decisions of others (Rasmussen et al. 1991). These top strategic decisions have 
to be made based on information about forecasts and scenarios for evacuation and before 
people begin to act. These decisions create a transition from normal life to a mass evacuation 
mode. This period is called the transition phase.  
 
For evacuation planning, authorities in the surrounding areas are important to support 
evacuation operations (such as traffic management, offering shelter, delivering equipment and 
services, etc.) (Wolshon 2006; Wegh 2008; VenW 2008). Emergency planning (VenW 2009a; 
VenW and UVW 2010; BZK 2008a), research on evacuation (Kolen and Helsloot 2012b; Jonkman 
2007), the experience of Katrina (Parker et al. 2009) and exercises (TMO 2009b) carried out in 
in the Netherlands indicate that pro-active and direct involvement at the national level is 
necessary to increase the effectiveness of emergency measures in the case of a national 
disaster. 
The response to Hurricane Katrina and during the mass evacuation of Rivierenland in 1995 
showed the importance of and the difficulties associated with top strategic decision making. 
For example, difficulties were encountered in getting the relevant partners involved in time 
and determining the moment to call for a preventive evacuation. During Katrina, the 
consequences of previous evacuations were visible to people who did not want to evacuate 
because they hoped or assumed that the hurricane would not hit their area (Parker et al. 
2009). Some research stated that earlier involvement at the national level (such as FEMA and 
the Red Cross) might have reduced some of the consequences (Parker et al. 2009). The top 
strategic decision to get the national level involved more early for the response was one of the 
lessons learned in New Orleans as well as in the Netherlands (van Duin et al. 1995). During 
hurricane Gustav in Louisiana, the national level made a concerted effort to engage with the 
situation and to show that they cared about it, were aware and responded (Cole 2008). 
Although this is not clear evidence, it surely affects the perceptions of professionals and the 
public. Other factors contributing to the Gustav response were, for example, the recent history 
with Katrina.  
 
In this chapter, the general phases of evacuation are introduced to describe the process and 
the ability to influence the circumstances of an evacuation and to execute an evacuation. 
These phases can be used to describe relationships over time between the four elements in 
the evacuation framework. From the perspective of a decision maker the first phase is during 
preparation, the last three phases are initiated in the case of a threat: 
 Phase 0: Planning and design of layered evacuation in a multiple layer safety system;  
 Phase 1: Detection and recognition (sense making) after early warning; 
 Phase 2: Organisation and decision-making by leaders and citizens;  
 Phase 3: Period of moving from one place to another. 
 
Uncertainties have an important role in the process of planning and decision making for 
evacuation, which becomes clear after analysis of the different elements in the next sections. 
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3.3.2 Phase 0: planning and design 
 
The phase of design and planning establishes the boundary capacities (such as the road 
capacity, the equipment, etc.) and capabilities (how to use the available equipment) for a 
future evacuation. Each society already contains infrastructure, emergency services and 
emergency structures that will be used for evacuation, even without specific preparation. 
During this phase, measures can be implemented to accomplish the following: 
 Increase the capacity of the infrastructure by, for example, adding road capacity or 
developing shelters; 
 Increase the capacity of the resources of emergency services, for example, by providing 
extra personnel or equipment; 
 Improve the use of the available means and infrastructure by conducting additional 
research, planning, performing risk perception and training and exercises. 
The need for these measures depends on the defined requirements for evacuation. A model to 
define these requirements in a risk based approach is described in section 9. 
 
 
3.3.3 Phase 1 Warning: Detection and recognition (sense making) after an early 
warning 
 
Phase 1 describes the process of how signals are detected and understood regarding a threat. 
Signals of a (possible) disaster can be detected and recognised by experts, citizens, etc. These 
signals have to be accepted and understood by crisis managers and decision makers (this 
process is also called sense making, as described by (Boin et al. 2005)). In Figure 13 a 
probability distribution of the lead time is presented, this probability distribution is divided in 
three classes (a best case, a worst case and an expected time of detection). After the moment 
of detection by an expert, the sense making process of the experts and others begins.  
 
 
Figure 13: Phase 1 Warning: Probability distribution of lead time 
Phase 1 is initiated by the detection of a possible threat. Decisions will only be made when 
someone defines the problem and addresses the need to take decisions about the 
implementation of measures. In addition, it is required that decision makers and their 
advisors be willing to spend time and effort to obtain and understand the available 
information. Although this seems very clear (and especially with hindsight when, as for 
example in the case of hurricane Katrina, more efficient measures could have been taken, see 
(Parker et al. 2009)) this is less clear in a situation when information contains uncertainty and 
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the impact of decisions is very large. Experts have to put the warning for a low frequent and 
uncertain event on the agenda of crisis managers and decision makers to initiate decision 
making. It may also be decided that no measures will be taken or decision are delayed. This is 
also seen as a decision because it is chosen to influence an on-going process. Figure 14 
illustrates a probability distribution of the period between detection and warning and decision 
making. 
 
 
Figure 14: Phase 1 Warning: Probability distribution of time needed for sense making, planning and decision 
making given a moment of detection and warning 
The existence of clear triggers and thresholds based on measurements or forecasts gives no 
guarantees that decisions will be made in time. Clear triggers related to actual or expected 
values, such as water levels, to alert the experts and decision makers can encourage them to 
act in time. However, these triggers can also create some blindness because of uncertainty 
(especially using only automatic warnings) when these criteria are not understood (Boin et al. 
2005). When the threat does not meet the criteria, a warning might not be given, even when it 
is clear that the event might be extreme or experts indicate the risk. An example in the 
literature shows a case in the Alps of extreme weather. The use of defined criteria resulted in 
a missed call for the first event, and for the second event, precaution measures were taken 
while nothing happened. A better use of the knowledge of the forecaster and the results of 
the forecasts could have prevented both outcomes (Kroonenberg 2010). The moment of 
detection cannot be defined in advance as already illustrated in Figure 13 and discussed in 
more detail in section 4.  
 
 
3.3.4 Phase 2 Transition: Organisation and top strategic decision making  
 
Decisions for alternative strategies are based on information and perception of the information 
gathered in phase 1. Governmental decisions have to take into account the possibility of the 
reduced availability of infrastructure caused by traffic jams following spontaneous evacuation 
or an unexpected citizen response. In that case, changing to a different strategy seems 
plausible, but might be impossible or highly ineffective. Transportation and movement for 
rescue services, if available, also requires more time in conditions of traffic congestion. 
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During the transition phase, the authorities can consider adapting the infrastructure, 
reallocating the means and rescue workers and informing the public about the consequences 
to increase the later effectiveness of emergency measures as discussed before in section 3.3. 
This process is illustrated by Figure 15. This figure shows the autonomous response of citizens’ 
(and operational centers, emergency services etc.) over time. In case of a threat people will 
act because they feel threatened (see more in section 7). When more people evacuate 
autonomous the effectiveness of top strategic decision making will decline over time. This 
reduction of effectiveness is because first responders are already active, travel time increases 
dramatically and for example fuel is running out. Therefore the time to implement measures is 
far more than in normal conditions. 
 
 
Figure 15: Effectiveness of top strategic decision making related to the autonomous response of citizens’ over 
time 
The following are examples of top strategic decisions that can be made during this transition 
phase with regard to ‘communication’, ‘policy measures’ and ‘operational measures’: 
1. Communication with the public about the risk, consequences (and time lines) of the 
threat and possible emergency measures, the impact of uncertainties and how to call 
for assistance; 
2. Policy decisions to influence other authorities. Warn the relevant national and regional 
authorities (if not warned already). Define the go/no-go decision and strategy for 
evacuation (preventive, vertical, shelter in place or a combination). Inform other 
authorities about the risks, consequences (and time lines) of the threat, as well as the 
possible emergency measures, the impact of uncertainties and how to call for 
assistance (or already implemented or foreseen emergency measures, such as national 
traffic management), juridical arrangements and international agreements; 
3. Define operational emergency measures to adapt the environment and infrastructure, 
for example, implementing (evacuation) traffic management, identifying the evacuation 
routes and disconnecting them of other routes, assigning regions that will offer public 
shelters, prioritising the use of the limited available (national) emergency equipment 
and personnel (such as the army and national operational services), reallocate regional 
emergency equipment and personnel (including the army forces) and call for 
international assistance. 
 
s 
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3.3.5 Phase 3 Movement: Period of moving from one place to another 
 
During this phase, the logistic process of the mass evacuation is on-going. During the 
evacuation, the situation will develop very quickly. All involved citizens, emergency services 
and authorities implement their measures within the (new) boundary conditions created in 
the evacuation mode. The time needed for evacuation depends on the destination, the route 
and available road capacity and the numbers of evacuees. The required time to execute the 
measure also depends on the consequences of the actions of others as well as the available 
road capacity and the numbers of evacuees (Kolen and Helsloot 2012b). 
While the evacuation is on-going the effectiveness of coordination to support local problems is 
limited. Emergency services and citizens confronted with problems will solve them with the 
available means or face the problem (Scholtens 2008). Changes to another evacuation strategy, 
because new information about the threat or better scenarios is available, will be very 
complex because the entire logistic process has to be influenced. All emergency services and 
citizens must be informed about the new strategy, routes, etc., which might cause reallocation 
of emergency equipment and a creation of a new evacuation mode. This complex operation 
may create all kind of disturbances and even gridlocks; it can be questioned if such an 
operation will increase effectiveness of evacuation. 
 
 
3.4 Conceptual description of evacuation for threat driven 
response 
 
Figure 16 shows the framework of evacuation based on the previous chapters. The framework 
is based on the 4 elements which interact over time. The relation between the elements is 
related to the different phases of evacuation. Figure 16 shows that during the planning and 
design phase the capacities and physical boundary conditions are created during the phase 1, 
2 and 3 of evacuation. Phase 1 is initiated by a warning or an alarm and authorities as well as 
citizens’ (and business and operational services as well) will respond. The authorities can 
influence the response of citizens’ and the environment and traffic infrastructure but these 
measures have to be implemented in time (during phase 2). During the phase 3 of evacuation 
response of the authorities will be coordinated in a local level, the impact of coordination and 
top strategic decision making is limited during phase 3.  
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Figure 16: Conceptual description of evacuation for threat driven response 
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3.5 Dealing with uncertainties during decision making 
 
When a mass evacuation is seriously considered as a measure to reduce the impact of a 
disaster, it is clear that the situation will require important choices. The decision-making 
process is influenced by short reaction times, possible life and death situations and a huge 
economic impact. As already mentioned by (Bourque et al. 2006), evacuations have the 
potential to save lives, but they are costly in time, money, and credibility.  
 
EXAMPLE 1 
For example, Hurricane Gustav was estimated as a category 5 hurricane for some time (Alert 2008). A 
hurricane of this strength would result in water levels that were expected to far exceed the loads that 
were used in the design of the defence systems. These predictions were made a few days in advance, 
but when Gustav finally made landfall, it was only a category 2 hurricane (CNN 2008). A counter 
example is the extreme water level at Delfzijl in 2007: a water level of 4.00 m + NAP was forecast. This 
level is considered high, but it has been experienced before. Only 17 hours later, the water level rose 
0.83 m more, which resulted in an all-time record that the dikes withstood (NZV 2007). 
 
The decision making process combines different types of uncertainties, such as ontological 
uncertainty regarding the exact consequences of the disaster and the lead time, and epistemic 
uncertainty regarding the low frequency of the event and limited experience in implementing 
such measures. Decision makers also have to cope with ambiguity (or linguistic problems), as 
shown in section 1.2.  
Decision makers of authorities and citizens have to cope with these uncertainties. All choices 
carry the risk of negative consequences for those who are involved. When resources or 
infrastructure capacity are limited, priorities must be set, or less optimal solutions will be 
chosen. This constraint creates an extra dimension to crisis management when the occurrence 
of the disaster is uncertain. In hindsight, all choices may seem clear, but during the moment 
of the onset of a disaster, when decisions must be made, information might not be available. 
Furthermore, for some elements there might be an overload and information, and this 
information will be uncertain.  
((Boin et al. 2005), p8) illustrate the difficulties for decision makers in democratic countries: 
‘in a liberal democracy, public leaders must manage a crisis in the context of a delicate 
political, legal, and moral order that forces them to trade off considerations of effectiveness 
and efficiency against other embedded values – something leaders of non-democracies do not 
have to worry about as much’. The fear of unnecessary decisions can delay the government in 
informing the public about hazardous conditions, especially if they have prior experience with 
events in which the disaster did not occur as expected (Gruntfest and Carsell 2000; Grothmann 
and Reusswig 2006). 
 
EXAMPLE 2 
An example can be seen in the evacuation of the river area in the Netherlands in 1995 (Nijmegen 
1995). While the decision makers of the Waterboards, municipalities, provinces and ministries 
discussed who had the lead to call for an evacuation, some citizens already began to evacuate. 
 
The Dutch exercise Waterproef (TMO 2009b; Cappelleveen and van der Ven 2009) illustrated 
that time is needed to understand (and agree on) the threat after detection. Even during the 
preparation of such exercises and the development of scenarios, discussion occurs between 
the experts and crisis managers When more teams are involved and when hierarchical 
relationships are in place, more time is needed for decision making because each team 
discusses the warnings and threatened areas. This results in different windows of time 
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available for decision making for citizens as well as national and regional authorities because 
of the structure of the decision making, which requires interaction between these 
organisations and with teams in organisations. Furthermore, the lack of criteria regarding 
when to call for a mass evacuation leaves space for different interpretations and in increase in 
ambiguity. In combination with the lack of experience and knowledge of these events, this can 
increase the time needed to make dramatic decisions. In section 5 the decision making 
process is discussed and the exercise Waterproef is illustrated. In section 10 a method is 
described to develop criteria for decision making to support authorities during a crisis. 
 
 
3.6 Concluding remarks 
 
Evacuation can be described in a framework of four elements: the threat and impact, decision 
making by authorities, the environment and traffic infrastructure and as last the citizens’ 
response. No society-system is designed for the purpose of mass evacuation in case a threat 
for flooding cope. However, human interventions by authorities or citizens can influence the 
consequences of evacuation positively or negatively in case of a crisis.  
The process of decision making for an evacuation can be divided into three phases.  
 Phase 1 relates to the detection and recognition of a possible threat; 
 Phase 2 relates to the strategy choices and the implementation of measures that are 
required to carry out the chosen strategy;  
 Phase 3 is the phase where people move from one place to another; during this phase, 
a mass logistic operation is underway.  
The boundary conditions (planning, road capacity) are developed during the design of the 
system, and this can be seen as phase 0. 
 
Top strategic decision making focuses on creating the optimal conditions (the evacuation 
mode) for nearby future response for all stakeholders, as local authorities, first responders, 
traffic centers and citizens, in the case of a threat. Decisions have to be made and emergency 
measures have to be implemented in time as well as information has to be spread in the 
society. This will be done in the so-called transition phase to create the boundary conditions 
for future responses and to increase effectiveness of evacuation.  
The possibility to create an evacuation mode depends on the autonomous response by 
citizens as well as authorities with a daily operational task as emergency services and traffic 
centers. Authorities, however, have a responsibility to inform the public and implement 
emergency measures. The forecast are also developed by the authorities in meteorological 
offices and water management centers. The advantage of the availability of forecasts for the 
authorities and the responsibilities of authorities can be used in the transition phase in the 
case of threat-driven response to create an evacuation mode in time. When more people start 
to move from a place to another based on their own decisions, decisions of the authorities 
becomes less effective. Implementation of measures becomes more difficult because traffic 
infrastructure, resources and personnel is already used. When the evacuation is on-going in 
phase 3 the logistic can hardly be influenced, new information about scenarios and the actual 
situation therefore cannot be used to increase effectiveness of evacuation any more. Also 
during an event-driven response the response will start with locally. After time a common 
operational picture will develop (but remains uncertain and incomplete) in crisis centers and 
coordinated activities can be planned. 
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4 Element I of framework 
evacuation: Threat & Impact 
 
 
Abstract 
This section describes the element of ‘threat and impact’. A threat and impact scenario of a 
flood for emergency preparation describes the size of the event as well as the available time 
to implement pre-cautious measures. Each scenario describes the consequences based on a 
set of defined boundary conditions and events. However, a future event will be different than 
as described in one of these scenarios due to imperfect knowledge and the inherent 
variability or unpredictability of the system. The need for a probabilistic approach in 
emergency planning is discussed to be able to cope with possible threat and impact 
scenarios. 
The need to consider different possible scenarios for flooding is discussed and related to the 
use of a ‘design scenario’ for emergency planning. Scenarios used to describe flood events 
can vary between small flood events up to the worst case, or worst credible, flood events 
covering large parts of coastal areas or river areas. The lead time to the onset to a flood can 
vary between days to no lead time at all. Measures that might work in the case of scenario A 
might be contra productive in the case of scenario B.  
Based on stochastic parameters “the size of the event” and “the lead time”, a matrix of 
scenarios is developed in this section. This matrix represents classes all possible known 
scenarios. The probability of the scenario in the matrix depends on the chosen conditions for 
the size and time as described in the event. The different classes can be defined using a 
probabilistic approach. In the matrix is a class for worst case, or worst credible scenario, pre 
defined. The probability of these worst case events are very low, the consequences and in 
specific the number of breaches requires possibilistic thinking.  
The motive for emergency planning is often based on the frequency of the disaster, in this 
case a flood. This thesis concludes that evacuation can be seen as a disaster as well. This 
section relates the frequency of evacuation and the frequency of detection and sense making 
to the frequency of a flood. It is shown that the frequency of the criteria used for making 
evacuation decisions is far greater than the frequency of evacuation itself, which again is far 
greater than the frequency of flooding. This implies that decision makers and emergency 
planners should take into account that they will less often decide to initiate evacuations that 
are followed by a flood than to initiate evacuations that are not followed by a flood (while 
causing damage as a result of evacuation).  
Therefore, the motive for emergency planning should not be the (low) frequency of the 
disaster as a flood but the frequency and impact of decision making process and impact 
itself. This chapter shows that evacuation is foreseen 5 to 50 times more often than a flood 
in the Netherlands and the decision making process about evacuation has even a higher 
frequency. Therefore the outcome of most decision making processes of evacuation are not to 
evacuate. 
This section also discusses the meaning of false alarms which may not be confused with 
rational decisions to evacuate based on defined criteria when with hindsight the flood does 
not occur. These decisions cannot be considered as a false alarm even when the flood does 
not occur.  
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REFERENCE 
Section 4.2 and 4.4 are based on an abstract developed for the 5th International Conference on Flood 
Management (ICFM5) on 27-29 September 2011, Tsukuba-Japan ‘the use of different flood scenarios 
including worst cases for emergency planning and flood preparedness’ (Kolen et al. 2011a). 
 
The worst credible floods as described in section 4.4 are based on ‘Contingency planning for large-
scale floods in the Netherlands’ as published in the Journal of Contingencies and Crisis Management 
2010, 18 (1) (ten Brinke et al. 2010). 
 
 
4.1 Introduction to threat and impact scenarios 
 
The need for evacuation planning is based on the probability and impact of disasters. 
Evacuation preparedness with regard to flooding is influenced by the frequency of alarm water 
levels, evacuation and flood events, the possible impact of a flood and possible mitigating 
measures and mechanisms to implement them. Decisions about strategies for evacuation in 
the case of threat-driven response are made before the expected moment of failure of flood 
defences. At the moment that the decision is made, the forecast will contain some 
uncertainty.  
 
The reduction of the impact achieved by emergency measures depends on the impact of a 
flood and the available time to implement the measures. The capacity of rescue services will 
never fit to all required activities to reduce loss of life and damage to zero, as shown in the 
Netherlands for low-frequency events as flooding (AGS 2008). In the case of a flood, the 
available means are outnumbered by far by the needed means (BZK and VenW 2008a; ten 
Brinke et al. 2010; Kolen and Helsloot 2012b). For example, in the Netherlands, the capacities 
for emergency services are estimated to accommodate a on average once-in-ten-year’s event 
(AGS 2008). However, emergency services can reduce the consequences when they better 
facilitate the evacuation.  
 
Scenarios are used to describe the pattern of the threat and the consequences. These 
scenarios are based on defined hydraulic loads and conditions that describe the behaviour of 
dikes inside a system as well as mitigating measures as the closure of structures. A scenario 
can describe the hydraulic conditions, the process of dike failure and finally the pattern of 
flooding. In general, the more extreme the hydraulic load, the more extreme the consequences 
will be, but the probability of the emergency event will also decline. Different scenarios of 
threat and impact can be identified as worst-case, worst credible events or scenarios related 
to the design level of the flood defences (Kolen et al. 2011a). 
 
The question arises of how to define the required level of preparation and how to optimise the 
measures. The background of this question relates to the lack of capacity of the emergency 
services and the fact that different scenarios can occur while the effectiveness of the response 
depends on the scenario. The level of preparation should therefore not be related to yes or no 
questions about the measures that are executed or not, but rather the contribution of 
measures to reducing the risk. This should take into account uncertainties. Research showed 
that uncertainties in the hydraulic loads, the number of breaches and the size of breaches 
more important than uncertainties in flooding models (Asselman et al. 2009). 
Flood scenarios which describe the development of a flood given the size of a breach and 
characteristics of an area are already used in the field risk-based approaches to define design 
levels for flood protection (Jongejan et al. 2011; Kind 2011; De Bruijn et al. 2010; VNK 2006; 
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VNK2 2011; VenW 2005). The design (height, strength) of flood defences in the Netherlands is 
based on a probabilistic approach. Multiple events are taken into account that result in the 
expected water levels that can be handled by the flood defences related to frequency of 
flooding (VenW 2007; Duits 2004). The probability of flooding also depends on the geotechnical 
parameters of the flood defences. When the hydraulic loads are combined with the strength of 
flood defences, the probability of flooding for parts of dike and dike ring areas can be defined 
(Jongejan et al. 2011). Because of this approach, the water levels in the case of events with 
return periods that exceed the design level by 10 and 100 times are also known. This insight 
can be used to define more and less extreme flood scenarios. The knowledge of the hydraulic 
loads and the strength of the flood defences and flooding can also be used to develop worst-
case scenarios for flooding and to determine the upper limit of a scenario that is still realistic 
for use in emergency planning (Kolen and Wouters 2007; ten Brinke et al. 2010).  
 
Some literature has suggested that a probabilistic approach could create a focus on expected 
events and limit attention to other possible events (Clarke 2006). Such an approach could be 
biased in favour of what has already happened, encouraging us to neglect future possibilities. 
Clarke states that because of probabilistic thinking, less attention has been paid to the worst-
case events. Therefore, he introduces the concept of possibilistic thinking. Using such an 
approach, more extreme events can be considered; however, the question remains of whether 
these are realistic. 
However, a probabilistic approach can also be used to define different classes of possible 
events, which is done for example in risk analyses in the Netherlands (VNK 2006). Based on 
the knowledge of a system probabilistic assessments can be used to define the worst credible 
scenarios (ten Brinke et al. 2010). It is a matter of the choices of the emergency planner 
whether only average or expected events will be taken into account, or whether other less 
frequent (but also possible) events will be used. Therefore it is concluded that a probabilistic 
approach can also take worst cases into account.  
 
Scenarios of different sequences of size and time might require different measures. A 
preventive evacuation might be successful in event A but not in event B (see also Figure 1). 
When these consequences are known in advance, other decisions than preventive evacuation 
might be taken, or priorities can be set. The identification of threat and impact and how these 
are related to response strategies is therefore an element of adaptive evacuation planning.  
 
This chapter describes a method to define a matrix of scenarios (based on a classification of 
stochastic parameters) that covers all possible events. This matrix is based on all known 
events using a probabilistic approach, but it also takes extreme events into account. The 
matrix of scenarios can be used for emergency management and land use planning. This 
chapter also describes how to address false alarms and the relationship between the 
frequency of evacuation and flooding.  
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4.2 Scenarios for emergency planning: classes for time and 
size 
 
A scenario used in the field of emergency management describes the size of the event (such 
as the area of the flood, the number of people, etc.) and the time. In the case of a threat-
driven response, when measures are taken to remove people from the area before the onset 
of a flood, the time between the early warning and the onset of the flood is also relevant. The 
time can be divided in two phases: 
 The period after detection of a flood until the onset of a flood; 
 The period in which the flood develops after a breach occurs. 
In this chapter the element time focuses on the period between detection and the onset of a 
flood. During the development of a flood, in many cases a couple of days, it is expected that 
no large scale centrally planned evacuation operations can be conducted because of limitation 
in effectiveness of coordination, lack of information, because of the size of the event and 
damage of the flood.  
 
History shows that in the case of a flood event, multiple breaches and failure mechanisms 
occur. Warnings, which are based on forecasts, can inform stakeholders about a possible risk 
of flooding in the next days. However, these warnings for the future are by definition 
uncertain because of uncertainty in nature, models, etc. Water levels can greatly exceed the 
height and strength of the existing prevention system, resulting in flood scenarios of different 
sizes (Jongejan et al. 2011; ten Brinke et al. 2010). Flood defences can also fail because of 
other circumstances, such as the wrong design, bad maintenance or other mechanisms of 
failure of levees, such as seepage (Kolen et al. 2012c; Vrijling et al. 2010; Jongejan et al. 2011). 
In these events, the hydraulic loads can be different, less than the design level based on the 
safety standards set by law, than in other situations. Additionally, other mechanisms can 
cause an increase in the flood risk. Even when the risk is not known, decision makers can opt 
for evacuation, as could demonstrated by the evacuation of Woltersum, see (NZV 2012). In 
such a case, the actual and expected water level can be used to identify relevant scenarios. 
History also shows many cases when an area flooded and when decision makers and citizens 
acted using warnings (for example, see (Kolen et al. 2012c; Parker et al. 2009; Deichmann 
2006; Brinkley 2006; Slager 2003)). History also shows many cases when warnings were issued, 
and in some cases, the decision was made to evacuate mandatory, but with hindsight, no 
flood occurred (for example (NZV 2007; Cole 2008; Bijlsma 2011; Ellis 2008; Kroonenberg 2010; 
Kroos 2007)).  
Emergency planning related to flood risk management takes two parameters into account 
about threat and impact to describe the response: the lead time and the size of a flood (as in 
can be seen in (LOCC 2008; Matthijsse) 2009; Haaglanden 2008; Middenwest-Brabant 2008; 
VenW and UVW 2010; BZK 2007). A flooding scenario for emergency management that describes 
that threat and impact has to contain the combination of the threat and the impact (Figure 
17): 
 Impact: Describes the development of a flood after a dike breach; 
 Time: Describes the development of the threat based on the forecasts or other signals. 
In this research, this is defined as the available time to execute an evacuation (the time 
needed for warning and decision making is not included in this available time).  
 
Risk maps often only show the consequences of a flood based on a specific return period or 
combinations of several scenarios (IPO 2008). These risk maps only show the maximum water 
depth in the case of a selection of scenarios. 
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Figure 17: Scenario for threat and impact with variety in flooded area  and available time to onset of a flood 
 
4.3 The need for probabilistic emergency planning 
 
A systematic approach to define these flood scenarios, including the worst cases, in 
emergency management does not yet exit in the literature. Emergency planning in most cases 
uses a design scenario (for example called design disaster (AVD and SAVE 2008)). These 
scenarios are used for risk maps and used to determine the required capabilities (BZK and 
VenW 2008a).  
In risk analyses, multiple scenarios are used, but these scenarios describe only the 
consequences per dike ring, the effectiveness of evacuation is taken into account in risk 
analyses using a reduction of the people in the area. The Dutch research on flood risk 
distinguishes two types of scenarios (VNK 2006; Jongejan et al. 2011). The first scenario is a 
flood with a hydraulic load based on a return period equal to the probability of failure. The 
second scenario is an extreme flood event with a hydraulic load with a return period of 10 to 
100 times the probability of failure compared to the used hydraulic load to design the levee. 
 
The Dutch national Taskforce Management Flooding adopted the worst credible floods and 
used them as the design scenario using the credo “if you are prepared for the worst you can 
handle all” (TMO 2009a). These worst credible flood scenarios were develop to obtain insight 
about the upper limit of the size of a realistic flood in an area for emergency planning (Kolen 
and Wouters 2007; ten Brinke et al. 2010). The consequences of these worst credible floods are 
far more extreme than the scenarios of dike rings developed with hydraulic loads equal to the 
design levels of flood defenses. However, while planning, discussions sometime arise about 
the use of these worst credible scenarios. Some regions argue that they cannot cope with 
these extreme flood scenarios and therefore chose smaller scenarios. Still, these scenarios 
have a return period (of on average once per 10,000 to 1,000,000 per year) that is far less than 
a once in5 to 10 years emergency event. Therefore, this argument is false, and these regions 
still cannot cope with the consequences (but feed the discussion that they can). 
 
When planning is based on one design scenario, the selected measures might be less effective 
or even worse in the case of other events. Because of the uncertainty in the lead time and 
because the time needed for decision making cannot be defined in advance, the time 
available for evacuation is uncertain (the decision making process is discussed in section 5). 
The required time can also be strongly influenced by unforeseen events and measures as well 
as the size of the evacuation (see section 6 and 7).  
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For example, accidents cannot be planned in advance, although Dutch statistics of road 
accidents and casualties shows that accidents and traffic-deaths occur more times a day. 
Therefore, it can be concluded that in the case of an evacuation, road accidents and loss of 
life because of traffic accidents are very likely. 
 
Although the relevance of the impact and the time for the optimal response is recognised and 
used in emergency planning for flooding (as (BZK 2007; Matthijsse 2009)), a deterministic 
approach is followed in these planning documents with regard to the lead time. The National 
Emergency Plan for Flooding and high Water Levels defined thresholds related to the 
probability of ensemble forecasts (VenW and UVW 2010). However, because of the limited 
understanding over evacuation it can be questioned if warnings are issued in time.  
  
This design scenario is used to develop structures for when to inform others and when to form 
crisis teams. In many case it is assumed that enough time is available, first indication about a 
warning are assumed to be available about 7 days in advance. Exercises are conducted that 
assume that this time is available, and these exercises are based on scenarios that are 
developed to fit the emergency planning.  
When a design scenario corresponds to the scenario that represents all scenarios based on the 
stochastic parameters time and size, this scenario covers all possible scenarios. This means 
that in reality, scenarios might be slightly different, but there is no need to take this into 
account because the decision making and implementation of measures are not influenced and 
because of uncertainty a new scenario does not result in better information. Best case 
planning defines in a deterministic sequence of activities when which measure to take. Such 
an approach is attractive for emergency planning because it is known in advance how the plan 
will work out, and exercises using the same scenarios can show that the plan works (on 
paper).  
 
In reality, many types of threat and impact events are possible because of uncertainty in time 
and size. This applies to storm surges, hurricanes, tsunamis and extreme discharges from 
rivers.  
The user determines the requirements for a scenario. An emergency planner or a land use 
planner takes possible events into account, including the worst cases. An expert involved in 
risk analyses to estimate damage or loss of life per year might not be interested in very low-
probability events because these are not significant for the risk. However, from the 
perspective of emergency management, the use of worst credible flood events can give extra 
insight in how systems continue or fail and what can be done to prevent this, and therefore 
these are useful for emergency planning (Clarke 2006; ten Brinke et al. 2010).  
 
 
4.4 Case study: Development of matrix of threat and impact 
scenarios for emergency planning in the Netherlands  
 
The classes as presented in this section are based on the knowledge of probabilistic flood risk 
management in the Netherlands. Sections of flood defenses are defined based on insight into 
the consequences of a flood. When the consequences of a flood vary by more than 20%, a 
new section is defined. The same principle can be used to define classes in the matrix of that 
and impact scenarios, however the consequences of emergency management have to be taken 
into account. 
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4.4.1 Different classes for impact  
 
In the Netherlands, multiple scenarios are developed for a variety of purposes, such as for 
land use planning (Pieterse et al. 2009), risk analyses (VNK 2006; Jongejan et al. 2011), and to 
define safety standards (De Bruijn et al. 2010). Scenarios are also used to obtain insights into 
the upper limits of what is possible (Kolen and Wouters 2007; ten Brinke et al. 2010). Breaches 
can occur with different hydraulic loads because these also depend on the strength of a levee. 
However, breaches can also occur when hydraulic loads are below the water level used to 
design a dike or levee. This can occur due to various mechanisms of failure, such as piping 
(NZV 2012; Vrijling et al. 2010). The probability of these flood events can be defined using the 
return period of the hydraulic load combined with the geotechnical parameters of the defence 
system (VNK2 2011). Using the size (impact) of a flood scenario and the number of breaches 
as a variable, three categories of flood scenarios can be defined: 
1. Dike ring area scenarios with a single breach; a single breach in a dike ring area or a 
stretch of a levee using a specific hydraulic load. These hydraulic loads are related to 
the frequency of the design levels for flood defenses (VenW 2007; Duits 2004);  
2. Extreme scenarios for a dike ring area with multiple breaches; The project VNK2 (VenW 
2005; Jongejan et al. 2011) also takes extreme scenarios for dike ring areas with multiple 
breaches into account. These extreme scenarios describe the consequences of a flood 
when the hydraulic load with a frequency which is 10 or 100 times less than the 
frequency of the hydraulic load for design levels for flood defenses; 
3. Worst credible scenario floods with multiple breaches in multiple dike ring areas; These 
extreme floods give an upper limit for the flooding scenarios in large-scale areas in 
multiple dike ring areas. These scenarios are extreme, but they are still considered 
realistic and credible by experts. The worst credible floods can be used for emergency 
planning along with other less extreme scenarios (Kolen and Wouters 2007; ten Brinke et 
al. 2010). The hydraulic loads 
(as in extreme scenarios) in 
this scenario far exceed the 
hydraulic loads related to the 
frequency of those associated 
with the safety level. Because 
the threat affects multiple dike 
rings and flood defences are 
overwhelmed, multiple brea–
ches in a dike ring area are 
taken into account as well as 
breaches in multiple dike ring 
areas. No statistics are availa–
ble to describe this correlation; 
however expert judgment 
based on knowledge of flood 
defences, meteorological and 
historical events this cor–
relation is estimated. Figure 18 
shows how the dike ring areas 
in the Netherlands can be 
combined into zones that can 
be affected in the case of 
extreme flooding or threatened 
 
Figure 18: Different regions that combine dike ring areas 
threatened by the same event (Kolen and Wouters 2007) 
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at the same time. The probability of these events is not known yet because of the lack 
of knowledge of the probability of multiple dike breaches in multiple dike ring areas 
(Kolen and Wouters 2007; ten Brinke et al. 2010). 
 
Using a probabilistic approach different classes of scenarios can be defined based on the 
overview of available scenarios. Table 1 describes an example of four classes for the 
stochastic parameter ‘size’ that can be used for the Netherlands. For each class, the 
probability can be defined (see Figure 19). For risk-based emergency planning, it is suggested 
to define probabilities for all classes that are related to the probabilistic approach (in this 
case, the classes are small events below design levels, design levels and extreme events 
above design levels). The class of the worst case is suggested not to use for the design of the 
system but as a stress test to see how the systems work in the case of extreme events. This 
knowledge can be used to increase the resilience of organisations and societies with the 
emergency management structures. 
 
Table 1: 4 classes to describe the impact of a scenario 
 Class and use of class Hydraulic loads 
 
Small events. This class reflects scenarios with 
breaches when hydraulic loads are less than the 
design levels based on the frequency or the 
safety standards of flood defences. A possible 
example of dike failure could be piping or 
seepage; another example is an accident or 
terrorist attack.  
The exceedance of the probability of 
the hydraulic load is a factor of 10 
higher than the loads used for the 
design event for flood defences. 
 
Design event. This class reflects scenarios with 
one single breach that is foreseen because the 
hydraulic loads are equal to or more than the 
design levels based on the safety standards of 
the flood defences. This class is often called the 
expected flood.  
The exceedance of the probability of 
the hydraulic loads is equal to the 
design event of flood defences. 
 
Extreme events. This class reflects extreme 
flooding, with multiple breaches in a dike ring 
area because the hydraulic load exceed the 
criteria for the design of the flood defences 
related to the safety level of the flood defences. 
 
The exceedance of the probability of 
the hydraulic load is a factor of 10 to 
100 less than the loads used for the 
design event of flood defences. 
 
Worst Credible. This class reflects possibilistic 
scenarios. These scenarios can be used to 
develop additional priorities or to identify other 
possible consequences (an example is the 
domino effect seen at the nuclear power station 
in Fukushima). This knowledge can be used to 
select measures that work in multiple events 
and increase the resilience of organisations and 
societies. 
The probability of these events 
cannot be exactly defined (yet). The 
hydraulic loads exceed are equal to 
extreme events but the number of 
breaches in a dike ring area and the 
number of dike rings increases based 
on knowledge of the correlation 
between these areas and the 
breaches.  
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Figure 19: Example of probability distribution of 4 different classes for impact 
Table 2 shows an example of the consequences of a flood caused by a breach at two different 
locations in dike ring 6. The consequences are defined using the hydraulic load as a variable, 
the location of the breach with different hydraulic loads. The table presents the consequences 
for the hydraulic loads in case of the class “safety standards” and “extreme events”. It is 
shown that the consequences rise less than a factor 2 while the probability of the event 
reduces by a factor 10. 
 
Table 2: Consequences of floods with different hydraulic loads (HKV 2012) 
Dike ring 6 Economic damage Loss of life 
Location: Holwerd  [M€] [persons] 
Class design event 168 3 
Extreme events (factor 100) 280 5 
Location: Sexbierum  [M€] [persons] 
Class design event 436 11 
Extreme events (factor 100) 497 15 
 
 
4.4.2 Different classes related to time 
 
Forecasting models, threshold values, and early warnings are used to alert crisis organisations 
and citizens and to implement measures. It has already been mentioned that emergency 
planning is based on assumptions of how and when to issue a warning. The moment of an 
early warning and the available time after the decision making phase until the start of the 
disaster is uncertain (Barendregt et al. 2005) and therefore cannot be determined in advance. 
This also means that this window of time cannot be guaranteed in documents in advance as 
the available time to execute measures. Different causes of failure may be relevant because 
the time to execute measures can vary. For example, the mechanism of a piping seepage may 
occur while the water levels are below the design levels relative to the safety standards, and 
failure can occur quickly (hours) after the first signals (Vrijling et al. 2010).  
 
The period of available time for preventive evacuation (phase 3), including a probability 
distribution, for different areas of the Netherlands is estimated by Dutch flooding experts and 
crisis managers (Maaskant et al. 2009). This research used a standard Delphi method. This 
method structures group processes so that the process is effective in allowing a group of 
individuals as a whole to address complex problems (Linstone and Turoff 1975).  
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
70 B. KOLEN  
This method is further described and analysed by Crow and Wright (Rowe and Wright 1999). 
The results have been validated by other experts in this field.  
Before 2005, the available time was estimated at a couple of hours to a day for coastal areas 
and several days for river areas (Barendregt et al. 2005; Jonkman 2007; van Noortwijk and 
Barendregt 2004). Since 2005, measures have been put in place to increase the time available 
to implement measures before a possible flood event (TMO 2009a; Maaskant et al. 2009; BZK 
and VenW 2009). An expert team was developed known as the National Commission of 
Flooding (VenW 2009a; VenW and UVW 2010), The available time can increase because this 
team also analyses long-term (ensemble) forecasts. When these indicate a possible threat of 
flooding, this team can activate crisis management structures using a top down approach. 
These ensemble forecasts (51 scenarios) have a lead time of 15 days, but they are very 
uncertain, and the possible scenarios reveal the variety in these 51 events (VenW 2009a).  
 
Table 3 presents the probability distribution of the available time for evacuation for different 
areas in the Netherlands. These zones are combined dike ring areas that will be threatened 
simultaneously by possible flooding (Kolen and Wouters 2007), see Figure 18. This probability 
distribution is based on a combination of facts and expert judgements about the available lead 
time, early warning procedures and the decision making process for evacuation (Maaskant et 
al. 2009). This research about the evacuation fraction in the Netherlands was part of a study to 
define the optimal dike height using a cost-benefit analysis that takes into account the 
probabilities of flooding, the consequences (damage and casualties) and the costs of 
measures to strengthen the flood defences (Kind 2011).  
Early warning, decision making and implementation of the required measures are assumed to 
be carried out in advance. Phase 1 (warning) and phase 2 (transition phase) also take time. 
Research (Barendregt et al. 2005) indicates that the time required to initiate a warning is 
between 10 hours (for river areas) and 6 hours (for lakes and the sea). The 2008 National 
Concept of Traffic Management assumes that is takes approximately half a day to implement 
the strategy (Wegh 2008). The decision making process can also take more time as discussed 
in section 5.  
 
Because of the impact of evacuation (economic and social damage), it is assumed that 
decisions to evacuate are not made any earlier than necessary. A call for evacuation will only 
be made when the required time to execute a strategy meets the available time. Therefore, 
the probability of having a window of time for evacuation of 4 days in river areas is estimated 
at 0%. Some forecasts might indicate that possible flooding evacuation is not required. If the 
required time for evacuation is less than the available time, the call for evacuation will not be 
made, although some preparations could be started.  
 
Table 3 also shows a probability for no time. Therefore, a flood can be an event-driven 
response as well. However, the location of the dike breach(es) is not fully known. Although 
the location of the defence system (including dikes, dunes and structures) and its strong and 
weak points are known, the occurrence of a dike breach also depends on the local 
circumstances at the specific moment and on human measures. In addition, the meaning of 
the terms weak and strong is related to a reference situation. Locations which are identified as 
strong or weak in planning documents might not be weak or strong in another event (as the 
next crisis or flood event).  
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For the areas in which a flood is caused by extreme wind speeds (coasts, lakes and tidal river 
areas), the impact of these extreme weather conditions have to be taken into account. These 
weather conditions can reduce the available time for these measures such as evacuation and 
limit these measures as well. Wind speeds of 10 Beaufort (with an average wind speed (over 
an hour) of at least 24.5 km/s for over an hour) already cause major problems and congestion 
for traffic, the use of railways and public safety due to falling trees and roofs being blown off 
of houses. The return period of heavy storms is far greater than for flooding and mass 
evacuation. In a period of approximately 100 years, since 1910, the Dutch Meteorological 
institute KNMI recorded 58 events with a wind speed of 10 Beaufort (http://www.knmi.nl/ 
klimatologie/lijsten/zwarestorm.html, retrieved at 24 June 2012). Only in 1953 a coastal dike 
ring area flooded.  
 
Table 3: Probability distribution available time for evacuation based on forecasts and decision making 
(Maaskant et al. 2009) 
 
I Southwest region with tidal inlets 
and islands, expected time for 
evacuation is 1.4 day.  
II Central connected coast, expected 
time for evacuation is 1.55 day. 
III IJsselmeer lake district, expected 
time for evacuation is 1.2 day. 
 
IV Northern region with Wadden Sea 
coast and islands, expected time for 
evacuation is 1.95 day. 
V Upper river course Rhine, expected 
time for evacuation is 1.8 day. 
V Upper river course Meuse, 
expected time for evacuation is 1.4 
day. 
 
 
VI lower tidal courses of river 
Rhine and Meuse, expected time 
for evacuation is 0.9 day. 
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Table 4: Different classes for impact 
 Class Description  
 
No time (red) This class represent events with no time for evacuation because of 
unexpected events or extreme weather conditions.  
Expected time 
(orange) 
This class represent events for which the expected, average window of 
time is available for the movement phase of the evacuation.  
Best case 
(green) 
This class represents events for which the required time for the 
movement phase of evacuation is more than the available time.  
 
Using the probability distribution of the available time Table 3 taking the required time for 
measures into account as well as the weather conditions that limit evacuation three classes 
can be defined (see Table 4 for a description of the classes and Figure 20 for an example of 
the probability distribution of the available time for evacuation, this figure is based on Figure 
13): 
1. No time (red): This class represents events with no lead time (unexpected events) or 
events when weather conditions prevent measures such as evacuation; 
2. Expected time (orange): The expected or average time available for phase 3 of 
evacuation; 
3. Best case (green): Enough time is available to achieve phase 3 for evacuation. 
 
 
Figure 20: Example of classes and probability distribution of available time for evacuation 
Table 5 shows the probability of these classes for different areas of the Netherlands.  
 
 
4.4.3 Combination of impact and time in a matrix 
 
Combining possible scenarios using uncertainty in impact and time a matrix of possible 
scenarios can be defined. The matrix covers classes that represent all possible (known) 
scenarios based on a combination of impact and time. The concept of this matrix is shown in 
Figure 21 which considers 4 classes for impact and 3 for time.  
 
For each area or each section of the flood defenses, the required classes can be defined. The 
number classes depend on the characteristics of an area. When uncertainties are not relevant, 
one scenario can represent all. When uncertainties are relevant, the question arise regarding 
expected time 
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how much detail is needed. A probabilistic analysis is required to obtain insight into the 
consequences of uncertainty and identify the different classes.  
 
Table 5: Classes and probability of the available time for the movement phase of evacuation for different areas 
in The Netherlands 
Time I  
South-west 
region with 
tidal inlets 
and islands 
II  
Central 
connect-
ted coast 
III  
IJssel-meer 
lake 
district 
IV  
Northern 
region with 
Wadden 
Sea coast 
and islands
V 
Upper river 
course 
Rhine 
V 
Upper river 
course 
Meuse 
VI 
lower tidal 
courses of 
river Rhine 
and Meuse 
Available time in days 
No time 0-1 0-1 0 0-1 0-1 0-1 0 
Expected time  1-2 1-2 1 2 1-2 1-2 1 
Best case  2 - >2 3 – 4 2 3-4 3 2 2 
Probability of class 
No time 30% 32.5% 20% 25% 20% 30% 30% 
Expected time  45% 52.5% 40% 50% 60% 45% 50% 
Best case  25% 15% 40% 25% 20% 25% 20% 
 
 
4.4.4 Reflection on emergency planning and crisis management 
 
Although statistics are used for the design of flood defences and multiple causes of failure can 
occur, limited no experiences with these extreme events are available. This lack of experience 
is reflected in the uncertainty of the window of time needed for evacuation (the movement 
phase, phase 3, see section 12), including the following examples: 
 Variability and unpredictability (e.g., weather system, flooding); 
 Imperfect knowledge of a system (e.g., forecasts, flood defences); 
 Ambiguity (or linguistic problems). 
Thresholds to initiate crisis management structures or implement measures in the case of 
flood risk management are in most cases defined relative to measured water levels or the 
expected values of water levels (for example (VenW and UVW 2010). Emergency planning (and 
exercises as well) is based on these thresholds and expected windows of available time. This 
will only result in the optimal decision when these uncertainties do not influence the decision.  
 
However, this thesis shows that it makes sense to take uncertainties into account and the role 
of scenarios as described in this chapter. People are trained to “be prepared” using the 
expected. The matrix of time and impact can be used to define the need for additional 
scenarios next to the best case scenario which are already in use in emergency planning.  
The consequence of the use of limited scenarios is that people may feel prepared but in fact, 
they create their own blindness, as already mentioned in section 3.3.3. In reality, the actual 
situation might not correspond to expectations, and it is questionable whether the ‘planned 
decisions’ are the optimal decisions. In that case, preparations will not have been made in 
advance because all things that have been learned will become useless. 
Taking the limited capacity of emergency services in large scale events into account at least 
one class has to take this into account as well as only one class can take into account that all 
measures can be taken. 
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Figure 21: Matrix of scenarios based on uncertainty in impact and time 
The matrix of scenarios can be used for the following purposes: 
 Emergency planning: the identification of possible classes of events and measures and 
the need to prepare for different types of evacuation (preventive, vertical, shelter in 
place, rescue, etc.). It can be made clear that some measures only work in specific 
situations (for example, preventive evacuation only results in a reduction of loss of life 
when sufficient time is available); 
 Decision making during a crisis: Forecasts of water levels can be related to the relevant 
classes and the probability of flooding in the next days or hours can be determined for 
these classes. This knowledge can be used to define the evacuation and organisation 
zone and the risk in these areas. For each class, alternative response strategies can be 
developed as input for top strategic decision making (see also part III and IV of this 
thesis); 
 Land use planning: The combination of the consequences and the probability can be 
used to develop risk maps (taken probability and consequences) into account as well as 
uncertainties in the available time for evacuation. These maps can be used to define 
requirements for new developments as houses, hospitals or schools.  
 
The development of models to describe the consequences of a flood develops quickly, the 
calculation time needed decreases and visualisation improves. As a consequence, the level of 
detail in the presented scenarios increases compared to models with a grid of for example 
100m. This results in visuals with a graphical design that is easy to understand. During 
emergency preparation and exercises, people follow often their planning documents and 
measures. This approach only works when everything occurs as foreseen and when measures 
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chosen by people in crisis centres can be implemented in the field during an evacuation or a 
flood. During planning and exercises, this can be controlled by the people in the scenarios. 
However, the failure of these approaches will only be shown during real events or when 
uncertainties are taken into account. 
 
The role of a scenario for top strategic decision making for evacuation however is only relevant 
when it is considered in relation with other possible scenarios. Top strategic decision will be 
made during the transition phase. Decisions have to be made quickly to become effective for 
evacuation. The location of breaches is still unknown and also uncertainty in forecasts (and 
therefore hydraulic loads) will exist. The threatened area and evacuation zone has to be based 
on multiple scenarios and can take the probability into account. Top strategic decision makers 
will focus on the risk.  
 
The matrix threat and impact covers classes of all possible events. During a crisis a new 
scenario can be developed which better fits to the actual circumstances. When the matrix of 
scenarios is defined in advance, the development of a new deterministic scenario during a 
crisis using the actual conditions will not create new information. Still, uncertainties have to 
be taken into account in these scenarios. When uncertainties are relevant, the use of one 
scenario is useless. Also the development of these new scenarios requires clear information 
about the boundary conditions and takes time for calculation, visualisation and interpretation 
by first experts and then decision makers. This time is in most cases not available.  
 
When the breach has occurred (as in an event-driven response), assuming that the location 
and size (including the depth) are known, a new scenario can be made. This will result in a 
better insight into the development of the flood and impact. Nonetheless, it is questionable 
whether the information about the exact boundary conditions is available for the developed 
scenario (for example because the conditions cannot be measures, communicated etc.), and 
will be of any use to influence on-going operations over the next hours or even days because 
of increased travel times and all resources might already be used and because of the 
complexity of coordination (see section 3.2). For example, during hurricane Katrina in New 
Orleans, it was recognized after a day that the flooding was not caused by extreme rainfall but 
because of dike breaches.  
Additionally, other events show that at the moment of failure of the flood defence, 
information about the exact causes and circumstances is not known (see Xynthia in 2010 
(Kolen et al. 2012c), the North Sea Floods in 1953 (Slager 2003), etc.). Even with hindsight, it 
remains difficult to gain insight into the causes and circumstances of failure (see, for example, 
the flood after Xynthia in France (Kolen et al. 2012c)) or the actual circumstances that affect 
the probability of flooding (see, for example, (NZV 2012)). 
 
 
4.5 Frequencies of mass evacuation events and flooding 
events and the definition false alarms and missed calls 
 
 
4.5.1 Introduction 
 
Evacuation as a measure to reduce the flood risk must consider that a call for evacuation 
might not be followed by a disaster or the expected development of a disaster. Threat-driven 
response, including event-driven response that have an automatic alarm system (such as fires 
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in buildings, as well as river systems, tsunami warnings and coastal areas), have to address 
the occurrence of false alarms and missed calls and with the fact that the frequency of 
evacuation and other pre-cautious measures could be (far) greater than the frequency of a 
disaster such as flooding. The alarms for extreme water levels are activated at levels that are 
far lower than the design levels related to the safety standards (VenW and UVW 2010). During 
other events, decisions are be made too late or not at all, or limited evacuation occurs during 
the disaster. This is referred to as a missed call. Therefor decision makers can be faced with a 
situation in which they called for an evacuation which caused damage even though the flood 
did not occur and called not for an evacuation while the flood occurred.  
 
When decisions are based on defined procedures and criteria, they cannot be called a false 
alarm or crying wolf. Specifically, when thresholds are set below the safety level and 
connected to early warning process that will trigger the implementation of measures before 
the flood occurs. These pre-cautious measures will be taken more often than the occurrence of 
a flood. A false alarm can occur when forecasts are made incorrectly based on information 
that is used in the wrong way. 
 
Research shows that when people are confronted with frequent events and false alarms 
(Danny D. Reible and J.Walsh), their willingness to evacuate in a future event may decrease 
(Gruntfest and Carsell 2000). The fear of false alarms and evacuations that are not followed by 
a flood can lead to ignorance of the signals and an increase in the probability of missed calls. 
An example where forecasters had experience with a previous event occurred in the central 
part of Ticino in Switzerland (Gaia and Fontannaz 2008; Kroonenberg 2010). During the 
evacuation of New Orleans due to Hurricane Gustav in 2008, the experience of the previous 
disaster, Katrina, was still fresh in mind and the willingness to evacuate was high. At the time 
that Katrina hit New Orleans, approximately 20% of the residents remained in the city 
(Wolshon 2006), whereas during Gustav in 2008, only 5% of people remained in the city (Cole 
2008). The hurricanes in New Orleans also show that the public’s perception of the risk can 
decline. The period between Katrina and Gustav (3 years) seems to be enough to keep the 
experiences fresh in mind; a period of 40 years as between Katrina and Hurricane Betsy which 
also caused flooding and deaths in the area is not. (Kunreuther et al. 2002) states that this is 
because people fail to learn of previous events.  
Literature also describes evidence that the relation between disaster and pre-cautious more 
frequent measures related to the willingness to implement these measures are less important 
(Baker 1991; Lindell et al. 2005). This is illustrated by a survey among citizens showed that the 
stated willingness to evacuate in the case of possible flooding in the Netherlands was higher 
in areas that were flooded in 1953 and evacuated (but not flooded) in 1995 than in other 
places (NIPO 2006). The perception of risk is related to the willingness to respond (Terpstra 
2009; Helsloot and Ruitenberg 2004). The evacuation of 1995, not followed by a flood, does not 
seem to affect the willingness to evacuate in the next event.  
This section discussed the role of false alarms and the role of the relationship between the 
frequency of evacuation and the frequency of floods in evacuation planning. The incentive for 
preparation for evacuation could be a combination of the following: 
 The occurrence of the (threat-driven) disaster; 
 The evacuation itself. 
In addition, it can be questioned whether the occurrence of an evacuation that is not followed 
by a flood is problematic for the willingness to evacuate in future responses in areas with low-
frequency events. Therefore, a case study on the relationship between the frequency of 
evacuation due to threats of flooding and the frequency of flooding itself in the Netherlands is 
presented in the next paragraph. 
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4.5.2 Case study of the frequency of evacuation vs. the frequency of flooding in 
the Netherlands: An evacuation that is not followed by a flood is the most 
realistic scenario 
 
Forecasting models and early warnings are used to warn crisis organisations and citizens and 
to implement mitigating measures (VenW 2009a). Emergency planning includes ‘alarm water 
levels’ for the following: 
1. Prevention through the closure of gates and structures based on measured or expected 
water levels (as part of the flood protection system); 
2. Emergency management through warning crisis centres in the case of an increase in 
flood risk.  
 
These criteria for emergency management are related to measured or expected water levels 
and to issues such as evacuation communication and other politically sensitive subjects (BZK 
2007; VenW and UVW 2010). These criteria are used to initiate crisis management processes, 
although in the case of real events, decisions can still be made not to activate them, as could 
be seen during the period of extreme discharges in the river Meuse in 2011 (VenW 2011a). No 
explicit criteria are defined for emergency measures as evacuation or for example 
communication with the public. The decision making process is based on the perception of 
risk, the judgment of the involved experts, crisis managers and decision makers at the time of 
the crisis and the interaction between them and the media.  
 
The alarm water level is the highest threshold for flood control centres and emergency 
planners. This has been adopted in regional planning, and the alarm water level has a 
frequency of exceedance of approximately once in a 5 years at each location. A recent national 
emergency plan for extreme water levels and flooding introduced an additional, more extreme 
warning level, a critical water level with an estimated frequency of a water level which is 
exceeded once in a 1/100 per year (VenW and UVW 2010). These triggers are all far more 
frequent than the occurrence of water levels that exceed the design level of the flood 
defences. When these triggers are exceeded evacuation is considered.  
 
Although alarm water levels are exceeded once every 5 years, it is assumed that in most 
cases, there is no actual flood risk. With a frequency of approximately on average once in a 25 
years, it is assumed that the national crisis teams will be activated by the National 
Commission of Flooding. In case of a bottom up approach of warning, several regional and 
national crisis teams monitor the measured and expected water levels and define flood risk 
and discuss possible mitigating measures, such as evacuation. When the alarm level is 
exceeded Waterboards already work on measures to reduce the probability of flooding to 
strengthen flood defenses. In case of a top down approach the emergency structures of the 
safety regions and Waterboards might not be activated.  
 
In the Netherlands, a period with extreme water levels or increased flood risk is a low-
frequency event, when water levels rise mass media attention is guaranteed. A much smaller 
frequency of high-water levels on the River Rhine and River Meuse in 2011 with an estimated 
frequency of once in the 5-10 years brought mass media attention (VenW 2011a). The 
frequency and water levels during this event were far less than those that caused the mass 
evacuation in 1995 for the same area, which had a frequency of approximately once in a 50 
years (WL 1995; Parmet 1996).  
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In the case of possible river flooding, pictures of flooded upstream areas (in Germany and 
Belgium, which have a lower safety level) will influence the perception of stakeholders. 
However, the Dutch flood defences have higher safety standards (lower probability of flooding) 
than those in Germany and Belgium. In the event of a storm surge, the (forecasted) extreme 
winds could be greater than previously experienced (VenW and UVW 2010). Therefore, 
decisions about mass evacuation will be made using forecasts for unknown (or unfamiliar) 
situations.  
 
The frequency for evacuation in the Netherlands in the case of a threat of flooding caused by a 
storm surge or extreme water levels in the rivers is estimated at a frequency on average once 
per 100 to 200 year. Therefore the frequency of a mass evacuation is in the coastal areas as 
South and North Holland 25 to 50 times higher than the frequency of floods. The frequency of 
evacuation is based on a combination of the frequency of the alarm levels, the frequency of 
design criteria related to the design levels for levees, the limited experience, the willingness to 
implement a decision when crisis teams are formed (better safe than sorry) and the citizens’ 
response. As an illustration Mayor Bandell (of the city of Dordrecht), responsible for the 
evacuation of some areas in 1995, stated that is more difficult not to implement measures 
than it is to implement measures (Bandell 2008).  
For a river area the frequency for evacuation is also estimated on average once per 100 to 200 
per year using the same approach. This means an evacuation will occur 5 to 10 times more 
often than a flood. 
 
 
4.5.3 Integration of a better-safe-than-sorry philosophy in evacuation planning 
 
Evacuation planning with regard to flood risk management means dealing with the possibility 
that an evacuation may not be followed by a flood or that a flood happens unexpected. An 
evacuation followed by a flood might even be an exception. Evacuation policy is therefore risk 
averse.  
 
Previous experiences are only relevant to people in the area who have had such experiences 
and if these experiences are relevant. For example, when the expected frequency of an 
evacuation is less than a (large part of) a lifetime, it is questionable whether this experience 
will influence the response of authorities and citizens in a subsequent event. A survey among 
Dutch evacuees of the area of Rivierenland ten years after the mass evacuation (in hindsight, 
the flood did not occur, although a preventive evacuation was conducted) and Zeeland (50 
years after the flood) shows that inhabitants’ the willingness to evacuate is almost equal to 
that of the inhabitants of other areas (NIPO 2006). In New Orleans, where people evacuated 
more frequently, the willingness to evacuate is related to previous events.  
The ‘professional lifetime’ of the decision makers and their advisors and crisis managers is 
even shorter (for example about a decade or even less). Therefore, the willingness of 
evacuation is related to different lifetimes.  
For low frequent events as in the Netherlands it can however be questioned if learning of 
previous events is relevant for citizens because the frequency of such events compared to an 
average life of a human. For authorities however learning is relevant and explicit attention is 
needed as citizens in a democratic society expect of public leaders also to take responsible 
measures in case of a crisis based on the available information and knowledge (Boin et al. 
2005).  
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As research shows that training and exercises that has to stimulate the correct response have 
to be based on a plausible scenarios (Alexander 2000). These scenarios and possible responses 
have to be recognized and accepted in planning. 
 
Preparation for evacuation is often related to the frequency of the disaster (such as a flood or 
nuclear incident) and not the frequency of the evacuation itself or even the decision-making 
process. The frequency of early warnings, activating emergency teams and other measures 
could be (significantly) greater than the frequency of flooding, as shown in the case study. 
Figure 22 shows a conceptual figure that illustrates the relation between frequency and impact 
of measures. Because of these different frequencies, it can be concluded that: 
1. The activation of emergency planning will occur more often than the implementation of 
operational measures and calls for evacuation; 
2. Evacuations will occur more often than floods.  
 
 
Figure 22: The frequency of decision making, evacuations and disasters 
 
4.6 Concluding remarks 
 
A flooding scenario for emergency management includes the lead time as well as the size of a 
flood. Because of uncertainty in the lead time and the size of the event, a ‘one scenario fit’s 
all’ approach excludes other possible scenarios and can create blindness for these events 
(Boin et al. 2005). When planning is related to a design scenario and measures are 
implemented as foreseen in the planning documents, this could create additional damage and 
loss of life or be less effective as foreseen when the actual event is not equal to the planned 
(or pre designed) event.  
 
The matrix of threat and impact scenarios can be seen as a ‘design set for scenarios’. This 
matrix covers classes that represent all possible and known scenarios, taking uncertainty in 
the size and lead time into account. The matrix also contains a class for worst case scenarios 
with a role to identify how systems fail in a stress test.  
The number of classes can be defined using probabilistic analyses. When the consequences of 
uncertainties are limited only one scenario can be used to represent all; however this is not 
the case for flooding in the Netherlands.  
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During top strategic decision making information is required of possible scenarios. This 
requires the combination of possible events and identification of the risk taken the probability 
and consequences into account.  
 
The role of a scenario for top strategic decision making for evacuation is only relevant when it 
is considered in relation with other possible scenarios. Top strategic decision will be made 
during the transition phase. Decisions have to be made quickly to become effective for 
evacuation. The location of breaches is still unknown and also uncertainty in forecasts (and 
therefore hydraulic loads) will exist. The threatened area and evacuation zone has to be based 
on multiple scenarios and can take the probability into account. Top strategic decision makers 
will focus on the risk.  
The addition of new developed scenarios during the crisis to the scenarios that represent a 
class in the matrix in using the actual conditions does not improve the effectiveness of the 
evacuation when the available time is limited. The additional information in the new scenario 
is limited compared to the earlier defined classes. Multiple scenarios have to be developed as 
part of the risk assessment. Also because of uncertainty in the parameters defining the 
boundary conditions of the scenario the additional information related to the earlier defined 
class is limited. The development of a new scenario also requires time for calculation, 
visualisation and interpretation by experts (including validation) and decision makers. The use 
of new scenarios will also introduce complexity and increase the risk of ambiguity or linguistic 
problems as well as the time needed for decision making.  
 
In the case of event-driven scenarios, the development of a new scenario might result in 
better information when the actual conditions are known. However, the availability of the 
required information to develop the scenario and the uncertainty in this information gives the 
new scenario less additional value compared to the defined scenario. A new scenario that 
describes deterministic the expected flood pattern does not contribute to the performance of 
evacuation, this is because of the uncertainty in the parameters about the actual situation. 
This is also because the limited possibility of influencing the on-going response using 
command and control structures, especially when the operation is on-going. The scenarios in 
the matrix of scenarios offer enough information for the emergency response. Using the matrix 
of scenarios, the risk for an overload of information is reduced; all stakeholders use the same 
information (which reduces ambiguity). However, new flooding patterns remain useful for 
evaluation purposes.  
 
The motive of emergency planning is often related to the frequency of a flood. However, the 
motive should be related to the frequency of evacuation or when the thresholds are exceeded. 
The frequency of activating emergency planning (because of defined thresholds) is far greater 
than the frequency of evacuation. Additionally, the frequency of evacuation is far greater than 
the frequency of a flood. Emergency preparation should therefore also focus on situations in 
which measures are taken but a disaster does not occur and on situations when crisis teams 
and decision makers meet but in the end it is decided to continue normal activities. This 
better-safe-than-sorry policy is the cornerstone of emergency preparation. However, most 
planning documents and almost all exercises focus on the situations when a flood does occur 
and people are trained to implement measures.  
This also implies that an evacuation not followed by a flood is not always a false alarm; in fact 
it can be good planning when it is based on earlier defined criteria and procedures. A false 
alarm can occur when forecasts are made incorrectly based on information that is used in the 
wrong way. 
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5 Element II of framework 
evacuation: Decision making by 
authorities 
 
 
Abstract 
This section discusses the element of decision making by authorities for threat-driven events. 
The role of decision makers and crisis managers is discussed related to the go or no-go 
decision for evacuation and the decision regarding how to evacuate (the strategy). This is 
called top strategic decision making.  
A traditional view on decision making in evacuation planning is that given an uncertain 
threat, there is a deterministic way to define the best decision. In other words, there is a 
linear relationship in the sequence threat – decision – execution – consequences. Alternatives 
or the impact of uncertainties are not taken into account. In this section, the top strategic 
decision making process for mass evacuation due to flooding in the Netherlands is 
considered. A survey among Dutch mayors and EU crisis managers is presented, and the 
large-scale exercise Waterproef in the Netherlands is described as an illustration. It is shown 
that the top strategic decision-making process itself is probabilistic because of the involved 
decision makers and their crisis managers (such as advisors). Based on different risk 
perceptions, decision makers may make other choices, or they may make no choice (which is 
also a decision). Therefore it is concluded that deterministic planning is less effective than 
when uncertainties are taken into account.  
It is recommended to develop probabilistic planning considering uncertainties in the decision 
making process itself, as shown in this section in combination with other uncertainties, such 
as the threat and the consequences of the decision. This results in less optimistic (or best-
case), but more realistic, strategies and the need to take alternative strategies for evacuation 
into account. 
 
REFERENCE 
This section is based on ‘The impact of the process of decision making to evacuation 
planning illustrated for flooding in The Netherlands’ as will be published in Disasters (expected 
summer 2014) (Kolen and Helsloot 2012a) and the conference paper ‘When, why and how to call for 
mass evacuation in an uncertain world: results of a survey among decision makers’ (Kolen 2012). For 
section 5.6 the results of the national flooding exercise Waterproef in 2008 have been used, these 
were provided by the Ministery of Interior and Kingdom Relations. 
 
 
5.1 Introduction in decision making for mass evacuation 
 
The central issue for authorities (as well as the public) is how and when to respond when 
large-scale flooding is forecasted. The decision-making process for mass evacuation is 
influenced by contradicting information, overloads and gaps in information, rumours, many 
uncertainties and high consequences. For example research after Katrina for example 
discussed the possible reduction in consequences from the earlier involvement of national 
organisations (Parker et al. 2009). Therefore, more insight is needed into the effectiveness of 
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different strategies for mass evacuation and the mechanism of how (and when) to decide on a 
specific strategy based on the probability of flooding, available time, characteristics of 
different areas and impact of uncertainties (Kolen and Helsloot 2012b). 
 
Evacuation planning focuses on the relation between the available and required time for 
evacuation. This relation is used to define the moment to call for evacuation; planning 
documents that support decision-making are mainly based on deterministic assumptions 
about a linear relation between threat – decision – execution that is used for all possible 
events. The role of the decision-making process itself with regard to the strategy choice and 
the moment of decision-making and the impact to evacuation planning are almost never 
addressed. Because of the impact of ambiguity among decision makers and crisis managers 
and the current risk perception a deterministic approach in decision making processes might 
not result in minimization loss of life or social impact.  
The literature review after strategies for evacuation also shows that evacuation planning with 
regard to flooding focuses on preventive evacuation because this is the best case strategy. In 
a best-case strategy optimistic assumptions are used to define the threat and to define all 
operational measures. There is no focus for other strategies for evacuation although these 
might be more effective to reduce loss of life in possible situations.  
 
This section focuses on the impact of uncertainties and ambiguity in the decision making 
process about strategies for mass evacuation in case of flood risk. A better understanding of 
the role of the decision maker and crisis manager in the decision making process in relation to 
strategy choices for evacuation can result in more realistic evacuation planning and in an 
increase in effectiveness of evacuation. Therefore this section focuses on with regard to the 
process of top strategic decision making and the transition phase as introduced in section 3: 
 Key information for top strategic decision making for evacuation; 
 Key factors in decision making process that affect strategy choices; 
 Willingness to act as planned in a chosen strategy.  
The results are discussed within the context of evacuation planning. 
 
 
5.2 Challenges for a decision makers: a reflection to the Dutch 
context as a illustrative case for low frequent events 
with high impact  
 
For the Netherlands, preparing for flood disasters means preparing for extreme—but very 
unlikely—events with multiple decision makers involved (ten Brinke et al. 2010). Critical 
(forecasted) water levels in the Netherlands that could initiate a decision-making process are 
foreseen to occur less than once in a lifetime (VenW and UVW 2010). Therefore, the Dutch lack 
frequent experience with these events and with other comparable threats with a short lead 
time that could initiate mass evacuations. Most relevant is the evacuation of 250,000 persons 
in 1995 that was caused by extreme water levels in rivers. The main reason to choose 
preventive evacuation in 1995 was the message from the Waterboards that they “could not 
guarantee” the strength of the dikes any longer (van Duin et al. 1995), in reality the decision 
maker can never guarantee safety but the risk can increase which might be a reason to call for 
evacuation. In the days and hours before this announcement, a sense of urgency had already 
been rising in the authorities and the public because of the rising water levels in the rivers. 
During the aftermath, discussions arose about the need for evacuation (Meurs 1996).  
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A complete preventive evacuation of large coastal areas (as in the Netherlands but also other 
deltas as described in 2.5) is generally not possible. The road capacity is too small for a 
preventive evacuation within a realistic time frame of early warnings or people chose not to 
leave the area for all kind of reasons. The provinces of North and South Holland, the most 
economically valuable part for economic processes of the Netherlands, need the most time for 
preventive evacuation. Other areas as Zeeland need less time for a complete preventive 
evacuation because these are less populated. However in most circumstances these areas still 
require more than a day for complete evacuation. Other strategies for evacuation are 
mentioned as alternatives but not (yet) taken into account in planning documents as a 
possible strategy. For river preventive evacuation takes less time than for South Holland, also 
forecasts are less uncertain. In general, these areas can evacuate preventive in time although 
exceptions can occur because of unexpected events. This thesis defines the impact alternative 
strategies and concluded that it is useful to consider them. Possible strategies in addition to a 
situation when no measures are taken for evacuation in case of a threat for flooding are: 
1. Preventive evacuation: the organization and the movement of people from a potentially 
exposed area to a safe location outside this area started before the beginning of the 
floods; 
2. Vertical evacuation: the organization and the movement of people inside the area under 
threat before the beginning of the floods to shelters or safe havens; 
3. Shelter in place (or hide): the organization and the movement to upper levels of 
residential buildings before the beginning of the floods at location. 
 
Strategy choices for evacuation can be made by authorities. These choices are only relevant 
when these can be implemented in time before people in the threatened area initiate an 
evacuation by their own or when people can be stopped when they started moving. Section 12 
of this thesis shows that an increase in available time for evacuation is more critical for the 
effectiveness of evacuation than further improvements from an average in the level of 
perfectness of how organisations connect their planning, behaviour of people during 
evacuation or how infrastructure is used during evacuation. Decision makers have to find a 
balance between speed and enough information to decide as enough communication with 
others.  
 
The challenge for decision makers is how to deal with the positive (reduction of loss of life in 
case of a flood) and negative consequences (economic and social disruption) of evacuation 
related to the uncertainty of a flood and the available time. The sizes of a flood (for example 
10% of The Netherlands might be flooded in one event) and evacuation and the possible 
autonomous response of the public increases complexity.  
 
To get more insight in the decision making process and the role of the decision makers and 
crisis managers during evacuation the large-scale exercise ‘Waterproef 2008’ in The 
Netherlands is evaluated. Also a survey of the Dutch mayors and international crisis managers 
who advise decision makers was conducted. The Dutch situation is chosen because of: 
1. The need to consider different evacuation strategies because complete preventive 
evacuation is not always possible;  
2. The large number of local and national involved decision makers, crisis managers 
because of the size of the threat in case of flood risk in The Netherlands.  
 
Dutch mayors of municipalities are responsible for emergency planning in their community 
and Safetyregion. When their communities are threatened they have a role in the decision-
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making process about evacuation, or can be confronted by consequences of evacuation in 
their community or Safetyregion or by decisions of the national authorities. The survey was 
conducted in the period of January to March 2010 among all 431 mayors (the average response 
rate was 30%, for each question the response rate is presented in this chapter). The 95 crisis 
managers that participated in the survey all have a role in crisis centres and inform and 
advice decision makers, the average response rate was above 50%. The survey among crisis 
managers was conducted during the visiting program of the international exercise EU Floodex 
on the 23rd and 24th of September 2009. All respondents were given some background 
information on mass evacuation in the Netherlands and a description of the different types of 
evacuation described in this paper. Further, it was assumed that all respondents were aware 
of the possibilities for flood risk (because of their involvement in the exercise and their 
profession).  
 
The survey aims to gain more insight into the impact of the decision makers crisis managers. 
Although it can be questioned whether decision makers in the Netherlands will respond during 
a crisis in the same way that they answered in the survey, the results are important for 
emergency planning since it clarifies the way they think. The experience and knowledge about 
decision making for mass evacuation related to flooding in the Netherlands is limited. Flooding 
is a relatively low-frequency event in the Netherlands, and the public perception is limited 
(Terpstra 2009). In addition, for authorities, the attention to the consequences of flooding has 
risen recently after Katrina and an evaluation of flood risk management in the Netherlands 
(ten Brinke et al. 2008a). Because of the lack of experience, the results of the survey could 
change after further preparation (emergency planning, exercises, research, etc.) on mass 
evacuation. The literature shows, however, that a lack of knowledge of heuristics and biases 
for dealing with uncertainties in these kinds of situations can influence the decision-making 
processes negatively which means effectiveness of these decisions decreases (Tversky and 
Kahneman 1974). Nevertheless, the survey shows the current perceptions of decision makers 
and crisis managers towards mass evacuation in the Netherlands. For emergency planning, the 
range of perceptions is most important. 
 
 
5.3 Key information for top strategic decision making for 
evacuation 
 
The literature shows that when the relevant stakeholders have contact with each other, an 
optimal decision-making process can be implemented in which the right people work on the 
right objective at the right moment with the right information (Aldunate et al. 2005). It can be 
questioned whether information can or will ever be completely available. At the moment the 
information is analysed, new information is, by definition, available because of the on-going 
disaster or threat. It is also impossible to know whether all relevant information is available 
when taking the number of stakeholders (such as crisis centres, first responders and citizens) 
into account.  
 
In a Western society, the tasks of the government are spread over several national and 
regional (semi-) governmental organisations. Other tasks as for example transport using rail 
are privatised. During normal day-to-day life, these organisations implement their own 
emergency measures based on their policies. The theory of Distributed Decision Making 
(defined as the design and coordination of connected decisions (Schneeweiss 2003)) can be 
used to describe the optimisation of multiple decisions in an event with multiple interests of 
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organisations. The theory assumed that society is differentiated in such a way that a central 
body cannot control it using a hierarchical relation (as for example a Prime Minister). The 
theory becomes more relevant when more stakeholders make decisions. This means that 
decision makers should take ‘other decisions’ into account so these do not frustrate their own 
decisions. 
In the case of a threat of flooding, time is available to share information and discuss the 
decision making process. Therefore, the theory of “Natural Decision Making” that describes 
how people act in case of a disaster (Fjellman 1976) only applies for the top strategic decision 
makers and their crisis managers. First responders are not immediately confronted with the 
need to act: during this phase, the flood has not yet occurred yet and evacuation still has to 
start. Except for top strategic decision makers, no one else is directly confronted with the 
consequences, so they are not required to make any immediate decisions. This might result in 
calls for further information gathering and a delay of decision making. Critical moments could 
pass such that some emergency measures (such as a preventive evacuation) could no longer 
be implemented.  
 
In a crisis event and with all of the stakeholders involved (for the Netherlands, a large scale 
flood is indicated as a national crisis (BZK 2007; Helsloot and Scholtens 2007)), it can be seen 
as a dynamic organisation in which only in a best case situation all stakeholders have a 
complete picture of the available information and perfectly executes the (centrally) chosen 
strategy. Therefore, decision makers have to deal with imperfect and uncertain information. 
The key question is what kind of information decisions makers need during the transition 
phase and if priorities within sources of information (see Table 6). 
The results show that the survey participants (mayors and crisis managers) all tend to prefer a 
risk-based approach, giving most value to the probability, impact and effectiveness of possible 
strategies. In addition, all gave great importance to expert advice. Public pressure, economic 
consequences and social impact of decisions are considered to be less important. This means 
that decision makers tend to a rational approach and rely on experts for advice to support 
decision making.  
 
Table 6: Determine the importance of each item to the decision-making process about mass evacuation on a 
scale of 1 to 5 (1 = no importance, 2 = less important, 3 = important 4 = very important 5 = most important) 
Parameter Decision makers Crisis manager  
Response rate: 
decision makers: 38% (n=431) 
crisis managers: 59% (n=95) 
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Probability of flooding 4.2 0.8 3.9 0.8
Size of the threatened area 3.5 0.8 3.6 0.8
Available time until failure of defence system 4.0 0.7 4.1 0.7
Public pressure 2.9 0.6 2.9 0.7
Effectiveness of a strategy  3.8 0.8 3.8 0.8
Economic impact of an unnecessary evacuation 3.0 0.7 2.9 0.8
Social impact of an unnecessary evacuation 3.3 0.7 2.9 0.8
Accountability for decisions made 3.4 0.8 3.2 0.8
Required leadership 3.5 0.8 4.0 0.8
Expert advice  3.9 0.7 3.8 0.7
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In the case of a potential mass evacuation, however, it can be concluded that the capacities of 
emergency services are far outnumbered by the population that needs to be served. 
Evacuation might reduce loss of life and the costs of lost movable goods, but the expected 
damage to fixed goods, such as houses and agricultural land, cannot be reduced by 
evacuation. Therefore, authorities and emergency services have to prioritise and deal with 
limited resources.  
With hindsight, a reconstruction can be made about what the most effective decisions could 
have been in case of a flood event or when the flood did not occur. The aftermath also 
influences public opinion about the response of decision makers. The second question in the 
survey therefore focused on the parameters that are expected to be most important in the 
aftermath of an evacuation when the flood did occur or not (see Table 7).  
The results show that a reduction of loss of life is seen as a more important parameter then a 
reduction of damage. Evacuation happens more frequently than a flood in The Netherlands 
(HKV 2010). In the case of an evacuation which is not followed by a flood more attention is 
paid to the accountability of decision makers and the cooperation between authorities then 
when the flood does occur, although the prevention of loss of life remains important (instead 
of prevention of damage). Because of risk averse planning the frequency of evacuation is 
higher than the frequency of a flood. During the process of decision making therefore it has to 
be taken into account that the flood does not occur. The development of criteria to call for 
evacuation prior to a flood can support decision makers during the aftermath during the 
evaluation. 
 
Table 7: What are the 3 factors that contribute most to whether an evacuation decision was "right" in (1) in a 
situation after a flood and (2) after a situation when the flood did not occur? 
 
 
Decision makers Crisis managers 
Response rate: 
 decision makers: 23% (n=431) 
 crisis managers: 48% (n=95) 
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Prevention of casualties (loss of life) 97% 47% 92% 40% 87% 48% 87% 44%
Prevention of damage 48% 31% 0% 3% 46% 26% 0% 0%
Availability of public shelters and care 63% 22% 1% 0% 48% 17% 0% 3%
Cooperation between authorities and 
emergency response units 
24% 40% 0% 14% 28% 35% 6% 6%
Support of self-reliance 17% 13% 3% 3% 15% 13% 0% 3%
Accountability of authorities 21% 61% 2% 25% 24% 48% 6% 9%
Public perception 12% 47% 1% 6% 22% 41% 0% 16%
Perception of media 5% 31% 0% 6% 13% 52% 0% 16%
Impact of consequences of flooding 
outside the flood zone 
12% 6% 0% 1% 17% 15% 0% 0%
 
Decision makers also have to decide which information to use, and they have to assign value 
to information (Boin et al. 2005). Decision makers (in multiple teams) and crisis managers can 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 87 
simultaneously provide multiple frames of reference about a certain phenomenon. This is 
called ambiguity. In some literature described as uncertainty (Dewulf et al. 2005; Brugnach et 
al. 2008). Other literature states that ambiguity is not a part of uncertainty but that ‘Ambiguity 
is removed on the level of words by linguistic conventions’ ((Bedford and Cooke 2001) p19). 
The risk of linguistic problems increases when the risk perception or awareness is limited. 
Because of the present on-going struggle for risk awareness for flood risk management by 
decision makers (ten Brinke et al. 2008b) and low risk perception of the public (Terpstra 2009) 
ambiguity might impact decision making for evacuation. Above all these decision makers are 
used because of daily activities to take measures on their own, and focus on measures which 
are known and common to them. This might be less effective in terms of reduction of loss of 
life in case of flooding and mass evacuation. This means that it cannot be guaranteed that a 
strategy will be executed as foreseen by one of the decision makers because of ambiguity, it 
can also not be guaranteed that all relevant stakeholders cooperate in the decision making 
process.  
 
External issues or previous experiences might influence the decision making process for 
evacuation. Table 8 shows the consequences of external issues (as events in the past or other 
circumstances in society) on the chosen strategy for evacuation. Table 8 shows clearly that the 
top strategic decision making is strongly influenced by the actual circumstances. Most of the 
circumstances as presented in Table 8 causes a delay in the moment of decision making that 
results in less time for evacuation. The circumstances also show that alternative strategies will 
be considered as well and influences strategy choices. Because these circumstances are in 
depended to the occurrence of a flood and can occur at the same moment the possible impact 
has to be taken into account during planning. Because of these circumstances the strategy 
choice for evacuation changes or in most cases the decision to evacuate is delayed. Therefore 
less people can evacuate and loss of life might increase in case of a flood. A circumstance that 
influences human wellbeing and trust in the government (with regard to the higher frequency 
of evacuation than flooding) seems more important than economic circumstances. The 
influence of the circumstances also creates an additional element for discussion among 
decision makers which also causes delay.  
 
Table 8: What is the impact of other events in the society on the outcome of the decision-making process for 
mass evacuation? 
 Decision makers  Crisis managers 
Response rate  
decision makers: 30%(n=431)  
crisis managers: 59% (n=95) 
N
o 
ef
fe
ct
 
De
la
y 
of
 
de
ci
si
on
-m
ak
in
g 
pr
oc
es
s 
fa
st
er
 d
ec
is
io
n-
m
ak
in
g 
pr
oc
es
s 
Ch
an
ge
 o
f 
st
ra
te
gy
 
N
o 
ef
fe
ct
 
De
la
y 
of
 
de
ci
si
on
-m
ak
in
g 
pr
oc
es
s 
fa
st
er
 d
ec
is
io
n-
m
ak
in
g 
pr
oc
es
s 
Ch
an
ge
 o
f 
st
ra
te
gy
 
Large-scale flu 70% 7% 7% 16% 38% 21% 20% 21% 
Pandemic flu 
38% 13% 18% 32% 18% 14% 20% 
48
% 
Animal diseases (such as foot-and-mouth 
disease) 
41% 13% 11% 34% 30% 25% 25% 20
% 
Economic crisis 85% 7% 1% 7% 48% 34% 9% 9%
Evacuation without a flood in previous year 49% 32% 3% 16% 27% 50% 13% 11% 
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5.4 Key factors in decision making process that affect 
strategy 
 
Table 9 presents the results of the survey when decision makers and their crisis managers, in 
a situation with enough time, are asked when they would start emergency planning for an 
evacuation and call for a mandatory or advised evacuation in case of a threat. An interesting 
result in table 4 is that decision makers tend to initiate emergency planning directly when 
information about a threat is available. This means that the warnings of experts should be 
presented to them and not be kept from them. If given the information, the decision makers 
can decide to prepare (and how to prepare) for a possible nearby event (top strategic decision 
making). The results of table 4 shows that decision makers only call for an evacuation when 
the risk increases because of the increase in the probability of flooding. It is also shown that 
planning (and therefore crisis management structures) is activated more quickly than decision 
for evacuation are made. A mandatory evacuation is in general made in case of a higher risk 
than an advice for evacuation. The decision to call for evacuation is influenced by the 
‘probability’ but also depends strongly or even more on ‘expert advice’ and less on public 
opinion. Therefore, it is recommended that experts be included during the decision making in 
addition to crisis managers. In the perspective of the transition phase this gives the decision 
maker the opportunity to influence the people who have to evacuate. First the decision maker 
can show their involvement by activating planning, when the risk increases he can advise 
evacuation and finally call for a mandatory evacuation. These three sequential decisions can 
be used to influence the evacuation population. 
 
Table 9: In a situation when the forecast models show the first indications of a possible flood 4 days in 
advance and the time required for a successful preventive evacuation is approximately one day: When (1 = 
Certainly, 2 = Probably, 3 = Probably not, 4 = Not at all) should you decide to (A) start to develop several 
alternatives for evacuation for later decision making, (B) advise the public to evacuate and (C) call for a 
mandatory evacuation? 
 Start planning process Advised evacuation Mandatory evacuation 
Response rate: 
 decision makers: 23% (n=431) 
 crisis managers: 54% (n=95) 
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Directly after first signals from 
forecast models  
1.9 0.8 1.9 0.9 3.1 0.9 3.1 0.9 3.6 0.6 3.3 0.9 
Later, when experts address the 
threat as ‘serious’ 1.7 1.0 1.7 0.8 2.4 0.9 2.1 0.7 2.8 1.0 2.6 0.8 
Later, when public opinion 
addresses the threat as ‘serious’ 
2.5 1.1 2.2 1.0 2.7 0.9 2.4 0.7 3.1 0.7 2.9 0.9 
Later, when the risk increases to a 
low probability (10%) 2.4 1.2 2.4 1.1 2.8 0.8 2.6 0.8 3.1 0.7 3.0 0.8 
Later, when the risk increases to an 
average probability (10%–25%) 2.2 1.1 2.1 1.0 2.3 0.9 2.2 0.9 2.7 0.8 2.5 0.8 
Later, when the risk increases to a 
large probability (25%–50%) 
2.0 1.2 1.7 1.1 1.7 0.8 1.7 0.9 1.9 0.9 2.0 0.8 
Later, when the probability is >50% 1.9 1.2 2.0 1.3 1.3 0.7 1.6 1.0 1.4 0.8 1.6 1.0
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An extra element of uncertainty in the preparation for flooding and mass evacuation is how 
decision makers and crisis managers deal with risks and uncertainties. Table 10 presents the 
chosen strategy in relation to the probability of occurrence of the disaster when just enough 
time is available for a preventive evacuation, but other strategies (with lower economic 
impact) could also be considered. It is clearly shown that the outcome and speed of a 
decision-making process depends on the actual probability for flooding and the risk perception 
of those involved. Based on the same risk, decision makers tend to choose a variety of 
strategies as preventive evacuation, vertical evacuation or shelter in place. When more 
stakeholders on different levels (and decision makers and crisis managers) are involved, this 
automatically creates the climate for time-consuming discussions, delay of decisions or 
contradicting decisions. There is concluded that different timelines for decision making have to 
be taken into account, as well as different strategies for evacuation to be able to cope with 
the possible behaviour of the decision makers and the consequences of decisions as well as 
uncertainties. 
 
Table 10: What probability of flooding is necessary to be able to choose a certain type of evacuation in a 
situation 1.5 day before the possible flooding with the knowledge that 1 day is required at minimum? 
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 Decision makers response rate: 28% (n=431) 
A preventive evacuation, instead of a vertical 
evacuation or shelter in place? 
1 5% 8% 16% 19% 20% 31% 4.4 2.3
A vertical evacuation to a safe haven inside the 
threatened area, instead of a preventive 
evacuation or shelter in place? 
3 3% 11% 32% 20% 21% 13% 3.8 1.8
Shelter in place instead of other forms of 
evacuation 
5 39% 45% 7% 8% 0% 1% 1.9 0.9
 Crisis manager response rate: 53% (n=95) 
A preventive evacuation, instead of a vertical 
evacuation or shelter in place? 
6 8% 6% 28% 14% 14% 30% 4.1 2.6
A vertical evacuation to a safe haven inside the 
threatened area, instead of a preventive 
evacuation or shelter in place? 
5 0% 6% 14% 25% 37% 18% 4.5 1.2
Shelter in place instead of other forms of 
evacuation 
8 10% 17% 21% 15% 19% 19% 3.7 2.7
 
 
5.5 Expectations of decision makers with regard their own 
decisions  
 
In the survey, decision makers and crisis managers were asked about their willingness to 
cooperate with the chosen strategy as a citizen. They were also asked how they expected their 
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neighbours to behave. The results in Table 11 show that approximately 25% of the respondents 
would not respond to the call for evacuation by the government.  
The expectations of the behaviour of neighbours were more pessimistic. Crisis managers 
assumed that approximately 50% of the people would not follow the chosen strategy of the 
government. Decision makers were less pessimistic and expected 65% of them to respond. 
Literature also shows that not all people act as the way advised by the government (the non-
compliance rate). For example during Hurricane Katrina 20% of the people did not leave the 
New Orleans area (Wolshon 2006). Also the evacuation of 1995 did not lead to a complete 
removal of all people (van Duin et al. 1995; Meurs 1996) as did the evacuation because of 
Hurricane Irene in 2011 in New York. Also for hurricanes in the US significant noncompliance 
rates are known (between 35% and 64% in (Lindell et al. 2002)). Therefore it is concluded that 
is has to be taken into account in planning that not all people will comply with the chosen 
strategy, in fact this noncompliance is part of the strategy. Adaptive planning takes into 
account possible scenarios for people that don’t comply.   
 
Table 11: How should you respond as a citizen, as a member of a family, to a call for evacuation by the 
authorities in a situation when the possibility to evacuate preventively exists but you are ordered to respond 
alternatively (yes or no)? 
Parameter Decision 
makers (29% 
of n=431) 
Crisis 
managers 
(59% of n=95) 
 Yes  No  Yes No  
Delay moment of departure for preventive evacuation in favour of other 
strategies  
77% 23% 75% 25%
Shelter in place and prepare yourself in your own house so other, more 
threatened people can evacuate preventively.  
76% 24% 79% 21%
How would your neighbour respond? Do you expect him to make the same 
choices as you and your family? 
64% 36% 48% 52%
 
 
5.6 Case study: Exercise “Waterproef” 
 
 
5.6.1 Scope of the exercise 
 
The exercise Waterproef was organised from 3–7 November 2008 by the Ministry of the Interior 
and Kingdom Relations, the Ministry of Transport, Public Works and Water Management and 
the Task Force Management Flooding (TMO 2009a; Cappelleveen and van der Ven 2009). This 
exercise was the first national exercise on flooding and mass evacuation and was held after a 
two-year program of improvements for flood preparedness by the national Task Force Flood 
Management (TMO 2009a). This chapter focuses on the coastal flooding exercise that was 
aimed at the decision-making process during the transition phase about calling for evacuation 
in the case of a possible flood. Although an exercise is a constructed situation and not 
developed for scientific research, lessons can be learned for the top strategic decision-making 
process for mass evacuation by taking the circumstances of the exercise into account. 
Evaluation of the exercises gives a unique and realistic view of national crisis management in 
reality because these exercises are so large that they cannot be controlled by higher and lower 
control (I. Helsloot 2010).  
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Several organisations took part in the exercise. The following organisations are relevant for the 
top strategic decision-making process for mass evacuation:  
 The regional level, which includes the Safetyregions (combines police, fire brigades, 
health care organisations and communities), Waterboards and Regional services of 
Rijkswaterstaat; 
 The national level, which includes the national decision-making process divided into 
three hierarchical crisis teams for decision making in the central body: political leaders 
(MBT) of departments, governmental leaders of departments (IBT) and heads of crisis 
centres (ACO)); a National Operational Staff; a National Commission on Flooding; and 
several supporting crisis centres, such as a national crisis centre, a national 
communication centre, a national operational centre and crisis centres for different 
ministries); 
 A public panel that participated to give feedback about communication send out by the 
authorities and media (Jong de and Helsloot 2010).  
 
The exercise focused on the decision-making process (strategy for evacuation and go or no-go 
decision) four days before the expected moment of possible dike failure and a possible flood. 
Therefore, a scenario had been developed based on the ‘impact’ of a worst credible flood (as 
stated before the Task Force Management Flooding used the statement that if you are 
prepared for the worst you are prepared for all). The ‘lead time’ and the availability of signals 
about possible flood risk however were based on a best case situation. The period between 
the first warning and the day of the exercise was described in a “lead in” based on existing 
emergency planning (Kolen 2008).  
Some regions also had exercises in the days prior to the national exercise; the results of these 
exercises were taken as input to the national exercise. The lessons identified in this paper are 
based on the situational reports of the crisis teams during the exercise, the meetings of 
decisions makers on the national level and meetings during the preparation of the exercise. 
This information was used for an official evaluation of the exercise (Cappelleveen and van der 
Ven 2009) and a report on the final decision of the Dutch Cabinet about flood preparedness 
(BZK and VenW 2009). 
 
 
5.6.2 Scenario of the exercise 
 
The scenario described a possible storm surge that could cause large-scale flooding along the 
Dutch Coast. A weather depression above the Atlantic Ocean slowly develops into an extreme 
storm surge. In the scenario, the probability of water levels that could exceed the height of 
the defence system slowly increases. The height of the storm surge strongly depends on the 
direction and development of the depression and was very uncertain. To create an upset that 
causes failure of the defence system and flooding along the coast, a storm from the northwest 
direction above the North Sea at level 11 to 12 Beaufort has to last at least 24 hours. The 
maximum period of these extreme wind speeds was estimated at 36 hours. Key moments of 
the scenario before the day of the exercise when the probability for flooding was estimated at 
40% to 45% along the entire Dutch coast were as follows: 
 8 Days before the possible flood (D-8, indicating 8 days before the expected moment for 
dike breaching): First indications (seen by experts based on forecasts) of a possible 
extreme storm after a week (D-1) and a possible flood along the coast at D-0;  
 D-7: Activation of the National Commission on Flooding, decision makers were informed; 
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 D-6 (10%-15% probability): Crisis teams and decision makers were alerted, and the 
National Operation Staff was activated. Decision makers decided to update emergency 
planning and prepare evacuation scenarios and start a national communication 
campaign. A decision for evacuation was foreseen at D-4; therefore, the Ministry of the 
Interior gives special guidelines to other Safetyregions to prevent independent decision 
making; 
 D-5: Preparation of possible strategy for evacuation at the national and regional levels, 
regions urge for immediate preventive evacuation. 
 
Figure 23 shows the position of the scenario of Waterproef in the matrix of threat and impact 
scenarios of section 4 using Figure 21. Waterproef is based on a best case event for the ‘time’ 
and a worst credible event for the ‘size’. The probability of the available time for evacuation is 
assumed to be very long in Waterproef, this happens only in less than 5% of the possible 
events as shown in Table 3. The probability of the size of the event (worst credible flood) is 
also very small.  
 
 
Figure 23: Scenario of exercise Waterproef related to the matrix of scenarios 
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5.6.3 Preparation for decision making about evacuation on the national level 
 
The National Operational Staff prepared three possible alternative strategies for evacuation and 
presented them for the ACO, IBT and MBT. The consequences of each strategy were presented 
to the decision makers in terms of loss of life in the case of a flood combined with operational 
advice. These were not related to the probability of flooding.  
The preparation strategies were as follows and presented in Figure 24 and Figure 25 (Berghuis 
2008): 
1. Maximum strategy: preventive evacuation of only highly threatened areas, vertical 
evacuation and shelter in place for others. In the case of a possible flood, two thousand 
casualties were estimated; 
2. Medium strategy: preventive evacuation of non-self-supporting citizens in highly 
threatened areas, vertical evacuation and shelter in place for others (strategy 4). In the 
case of a possible flood, six thousand casualties were estimated; 
3. Minimum strategy: Vertical evacuation and shelter in place for everyone, which made it 
possible to continue normal processes but no measures should be implemented by the 
authorities. In case of possible flood, ten thousand casualties were estimated.  
 
To be able to implement the emergency measures in time (early morning of D-3), the go or no-
go decision had to be made before 18:00 h on D-4. Communication to the public about the 
strategy and use of networks was foreseen during prime time. Afterwards, citizens could 
prepare themselves and start to evacuate. In the meantime, emergency service workers and 
road workers could evacuate their families. 
 
 
Figure 24: Strategy (in Dutch) for preventive evacuation presented by national operational staff for the areas 
Fryslan and Groningen (Frl&Gr), Noord Holland Noord (NHN) and Zeeland (Berghuis 2008) 
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Figure 25: Strategy (in Dutch) for preventive evacuation presented by national operational staff for the areas 
Haaglanden, Hollands Midden (Hld Midden) and Rotterdam Rijnmond (RR) (Berghuis 2008) 
 
5.6.4 Preparation for decision making for evacuation on the regional level: 
Different risk perceptions and different timelines of decisions 
 
During D-6 and D-5, the national and regional levels had several contact moments at the level 
of minister and mayor but also between crisis managers in regional and national crisis 
centres. The role of the national level in the decision-making process was an important topic 
in these conversations. Decisions about evacuation were foreseen at D-4, and regions were 
urged not to call for an evacuation.  
The timeline for decision making during the exercise was dominated by the desire to evacuate 
all citizens preventively as soon as possible; the low probability of the threat and the low risk 
perception of the public did not seem to be important. From D-5, the national level was urged 
by several regions to decide on evacuation, and in particular, to decide for a preventive 
evacuation. Most of them urged for an evacuation to start as quickly as possible (at D-5, or 
ultimately at D-4); otherwise, they intended to call for a preventive evacuation on their own. 
At the start of the national exercise (07:30 h), several Mayors contacted the Minister of the 
Interior to urge that a decision be made. All of the regions produced situational reports that 
were sent to the national crisis centres. The national decision makers, however, only focused 
on the information given by the supporting staff, the national commission on flooding and 
national operation staff, which caused a disconnection between the national and regional 
level.  
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5.6.5 Autonomous response of other authorities 
 
One Safetyregion did not conform to the national strategy. This region ordered an evacuation 
on the evening of D-5, despite the directives given by the minister of the interior. This region 
also organised a press conference and a communication strategy to inform the public and 
businesses. For the exercise, this situation was not allowed, so during the exercises it was 
communicated to all participants that this measures had not taken place (which in reality 
cannot be done of course). During D-4 (10:30), the evacuation of non-self-supporting citizens 
started in this Safetyregion in advance of the national strategy (but with implicit permission). 
Other regions re-evaluated their strategy because of the new situation but decided to wait for 
the outcome of the national decision-making process. 
 
 
5.6.6 Top strategic decision making during Waterproef  
 
The process of decision making during Waterproef started at 7:30 h on D-4. The decision for 
evacuation (on a national level) was prepared by the ACO at 8:00 h, by the IBT at 9:30 h and 
finally by the MBT at 11:00 h. During the meeting of the IBT and the MBT, discussions arose 
about alternatives to the presented evacuation strategies. The pressure to make decisions 
disappeared because of the lack of visual signals of rising water levels and storm, low 
probabilities and mass impact and because operational measures to prevent flooding were not 
necessary yet. The water levels and weather conditions were normal at this time; the rise of 
the water levels was foreseen to occur 3 days later, about a day before the expected moment 
of a dike breach.  
 
Based on the discussion, the National Operational Staff suggested a (not prepared in advance) 
alternative strategy with a phased evacuation. This was based on the assumption by the 
National Operational Centre that additional time might be available after analysing the tidal 
table and forecasts. This was not verified by the National Commission on Flooding who gave 
the warning and were responsible for the threat assessment. In fact, they chose the best-case 
scenario.  
 
The MBT decided, however, to implement the newly developed strategy. It was decided to 
evacuate non-self-supporting people from the high-threat areas only and to postpone a 
decision about evacuating self-supporting people and prisoners to the next day (D-3). To 
implement this decision, the following actions were taken: 
 12:00 h Meeting between decision makers from the national and regional levels; the 
Minister of the Interior and the State Secretary of Water Management informed the 
Mayors of Safetyregions and Waterboards about their decision; 
 13:00 h a press statement was given to the public by the Minister of the Interior about 
the decisions made;  
 16:45 h a press statement was given to the public by the Minister of the Interior with 
more information. This statement contained the following information: 
 Show empathy and the involvement of the Minister with the public; 
 Information about the threat; 
 Information about the evacuation (of not-self-supporting individuals); 
 Show understanding of the different views of experts about the situation, address 
the opinion of the authorities and ask for cooperation; 
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 Call for self-supporting people to not start a spontaneous evacuation because this 
would limit the help available for those who need it (Internal reports describe that if 
people evacuated spontaneously, they would not be stopped. It is expected that the 
number of spontaneous evacuees would not cause problems on highways); 
 Prepare yourself in advance; take into account that you might have to be self-
sufficient for 72 hours.  
 
 
5.6.7 Lessons learned during the preparation of Waterproef 
 
Main evaluation lessons defined focused on information management and the relation 
between organisation (Cappelleveen and van der Ven 2009). The effectiveness of the decision 
making process with regard to evacuation however was not evaluated, in this section the 
lessons learned are defined.  
 
The case ‘Waterproef’ illustrates the difficulties faced by decision makers in dealing with 
uncertainties and in working with an integrated approach. The decision-making process was 
not rational and was dominated by perceptions and also by some emotions. While three 
alternatives for mass evacuation were presented to the national decision makers, discussion 
rose among them about these alternatives for evacuation. This resulted in a decision to 
implement a new evacuation strategy (which was not prepared in advance) that delayed the 
preventive evacuation by approximately one day but initiated evacuation of non-self-reliant 
individuals and the families of first responders. The different perceptions of risk for flooding 
and possible measures are also shown by the survey among decision makers and crisis 
managers by the different moment when decisions are expected to be taken, the decision 
itself and the influence of external circumstances.  
 
At the same time when the national decision makers discussed alternative (and new) 
strategies for evacuation and in the end postponed a call for evacuation, regional crisis 
centres advocated for immediately complete preventive evacuation. These regional crisis 
centres were not aware of the new alternatives. In addition, one region’s decision makers 
decided to call for an evacuation on their own (based on their own risk perception and 
responsibilities) even though they were aware of the national decision-making process. The 
impact of all of the decisions together on the result of an evacuation has not been defined 
and therefore not been taken into account.  
 
Waterproef also showed that the opinions of crisis managers vary strongly and are influenced 
by the available information over time. Analysing the development of the top strategic 
decision making as recorded in the ‘lead in’, which was the input for the exercise, illustrates 
substantial differences in when and how to inform others. Although this document was based 
on the available emergency planning during the preparation of the exercise, several crisis 
managers still discussed the moment at which to inform decision makers and when to call for 
certain emergency measures. This resulted in several extreme opinions, such as ‘directly after 
detection of a possible storm surge’ up to the ‘moment to call for a mass evacuation’. 
Arguments used were ‘decision makers are too busy and not willing to spend time’, ‘it is not 
serious enough’ as well as ‘media pressure will force them to meet directly’ and ‘because of 
the lack of resources and the possible consequences, the problems have a political dimension 
because the most logical decision to ‘wait and see’ can become a dramatically decision with 
hindsight because less time is available for evacuation resulting in more loss of life. 
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5.7 Impact of uncertainty in decision making processes for 
preparation 
 
 
5.7.1 Time span of the transition phase 
 
During the transition phase, the authorities can consider adapting the infrastructure, 
reallocating means and rescue workers and informing the public about the consequences to 
increase the later effectiveness of emergency measures. The available time for top strategic 
decision making and the period of the transition phase cannot be defined in advance because 
these moments depend on the availability of forecasts and the speed of sense making by 
decision makers and the public and the capacity of the infrastructure. Therefore, a delay in the 
decision to evacuate is also a decision with a great potential impact: emergency measures 
taken in a later stage could be less effective, not effective or even counterproductive. Earlier 
literature has already described that a non-decision is also equal to a decision using the same 
arguments (Boin et al. 2005). Because of the lead time in the case of flooding and the slow 
onset, the strategy of ‘delaying the decision’ should be made explicit for decision makers as 
one of the alternatives, and the consequences should be taken into account. 
 
Because of the different risk perceptions of decision makers and crisis managers regarding the 
decision-making process for evacuation, the uncertainties and the lack of time, better 
circumstances for decision making can be created. When the situation is considered directly as 
a national crisis and crisis management structures are implemented to connect measures and 
identify realistic measures better circumstances can be created to increase performance of a 
type of evacuation. 
 
 
5.7.2 Involvement of (many) decision makers and crisis managers 
 
An extra element that might influence top strategic decision making is the overcrowded 
agendas of decision makers and policy makers. The preparation for the Waterproef scenario 
clearly highlighted this process in the discussion about when decision makers should be 
involved. This contained 2 elements: 
 When to warn decision makers: After detection and recognition of a low probability but 
high impact threat, experts have to be able to put the warning on the agenda to create 
the boundary conditions to start top strategic decision making. This will directly conflict 
with other issues that could cause conflicts and competition. Discussion will arise with 
others about the need for this action. Because of the uncertainty of the threat and the 
low risk perception, there is a risk of delaying or ignoring the warning; 
 Participation during the exercises: The willingness to participate in an exercise for a 
significant time is in general limited. The moment when decision makers were involved 
during the exercise (on a national level) was carefully planned during preparation of the 
exercise. 
 
 
5.7.3 Accountability and the need for probabilistic preparation 
 
In liberal democracies (in contrast to non-democratic societies), public leaders are expected to 
take responsible decision during normal life as well as during a crisis (Boin et al. 2005). 
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Although it is clear to all stakeholders that the capacities of the authorities are limited in the 
case of a mass event such as a flood (BZK and VenW 2008b), in the case of a flood, the public 
expects to be warned and for emergency measures to be taken to reduce the possible impact 
of the flood. Emergency management, therefore, has to maximise the use of the available 
means and infrastructure in possible future situations in terms of prevention of casualties, 
damage and the capability to return to a normal situation. Emergency management has to be 
able to adapt the environment to an evacuation mode in time.  
During the survey, decision makers and crisis managers addressed the importance of the 
parameters of leadership and accountability in the case of an evacuation not followed by a 
flood and the importance of risk reduction in the case of a flood. Leadership and 
accountability are also key drivers (in addition to probabilities, costs and benefits) that 
underline the need for preparation. However leadership can also result in fantasy documents 
as described by (Clarke 1999) when the consequences and realistic events are not taken into 
account.  
For the Dutch situation, and also for other areas as Australia and New Orleans, the focus is on 
preventive evacuation. The basic assumption is that a certain window of time for preventive 
evacuation is available which is enough to conduct all planned measures. Emergency planning 
focuses on only one solution; deterministic planning, such as preventive evacuation in the 
case of a possible flood, only describes best-case scenarios. Other realistic events, such as a 
shorter lead time (Barendregt et al. 2005), a larger threatened area or flooded area (ten Brinke 
et al. 2010) disruptions in the process of decision making, are almost not foreseen in 
emergency preparation and have to be taken into account. Therefore planning does not cover 
all possible strategies to minimize loss of life and damage.  
Decision makers as chosen or appointed leaders of authorities are also responsible for realistic 
planning. The decision maker therefore has to initiate probabilistic planning instead of 
deterministic planning when the impact uncertainties and ambiguity can result in different 
choices during top strategic decision making to minimize the risk for loss of life and damage.  
 
Because lack of experience in all possible situations preparation for mass evacuation should 
therefore be based on relevant international experience and data. This knowledge can be 
combined with expert knowledge applied to the local characteristics to avoid fantasy 
documents and develop realistic planning.  
 
When training and education has to install and develop a culture of emergency management 
(Alexander et al. 2009), it is also required to make this culture realistic. When all decision 
makers are trained and educated to evacuate preventive, when different perceptions about 
the risk between them are not recognized and the consequences are not implemented in 
planning this can result in the same chosen strategy for all possible events (if a decision is 
made). Other strategies will not be considered because these are unknown to them. The 
decision made during Waterproef regarding the delay of the evacuation of self-reliant 
individuals while evacuating non-self-reliant individuals and the families of first responders 
could be seen as not realistic planning because the consequences were not taken into 
account. After the evacuation of 1995, it was concluded that a time-phased evacuation strategy 
of a threatened area (first this group, later the next) does not work in practice because most 
people will act primarily using their own assessment (van Duin et al. 1995). The decision 
(combined with the press conference) during Waterproef might in reality be the signal to start 
a spontaneous evacuation directly. The result is a preventive evacuation but without the 
support of mitigating emergency measures. It can therefore be questioned if the level of 
preparedness of decision makers and organisation increased because they were not 
confronted by the consequences in their decision. 
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5.7.4 The role of decision makers, crisis managers and experts 
 
The survey shows that the crisis manager has almost the same perception as the decision 
maker. Both address the need for experts to explain the threat and possible responses and 
strongly depend on them for decision making. In addition, some differences can be identified. 
Decision makers tend to give more value to risk-based data (probabilities, consequences in 
terms of casualties and damage) combined with leadership. Crisis managers additionally give 
importance to the perceptions of the public and the media. This might introduce extra 
elements in the process of decision making. This will increase the possibility for creating 
meaning and for framing and reduce the possibility of risk-based decision making. 
 
In the case of a mass evacuation, many crisis teams from different authorities are involved 
(see Figure 54 for the Netherlands). It is recommended that the decision-making process be 
simplified to prevent loss of time because of interference between these teams. Experts could 
advise decision makers directly, while crisis managers support this process and implement 
decisions. Their role is less to inform decision makers and more to make things work. 
 
 
5.8 Concluding remarks 
 
A traditional view of decision making is that given a probable but uncertain threat, there is a 
deterministic way of defining the best decision. This approach is not sufficient for mass 
evacuation in the case of potential flooding. The decision making process for mass evacuation 
cannot be seen as a deterministic process. Different timelines for decision making have to be 
taken into account, as well as different strategies. Because of uncertainties, including the 
decision-making process itself, a probabilistic approach (and the development of event trees) 
is required. The probabilistic approach can be the cornerstone of realistic and adaptive 
planning. This approach connects the measures taken by several stakeholders during the 
actual event.  
 
It is unrealistic to assume that all involved stakeholders (and local decision makers in this 
network) will act in accordance with the strategy chosen by the top strategic decision maker. 
In addition, the time needed for the decision making process (phase 1 and 2) cannot be 
determined in advance, and it depends on the involved decision makers. Because time is 
limited in the case of an event, this might exclude some evacuation strategies (such as 
preventive evacuation) or make them less effective, and as a consequence, the loss of life or 
damage may increase.  
 
When ambiguity is considered as a linguistic problem can be prevented when enough effort is 
paid to this. However, due to the low perception of the risk, the struggle to keep the decision 
makers involved and the low frequency of the event, ambiguity has to be taken into account 
in emergency planning as an uncertainty of top strategic decision making that influences the 
effectiveness of strategies or results in different strategies.  
 
This does not mean that all deterministic planning documents are not realistic. Different 
strategies could be chosen based on the same information, depending on the decision makers 
involved. In addition, the local physical and social circumstances also influence the decision 
making process. When uncertainties are taken into account, a deterministic approach will not 
cover all possible events. As shown in the Netherlands, the impact of uncertainty, including 
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the role of the decision makers, requires a probabilistic approach for evacuation planning 
when the objective is to minimise the loss of life and damage.  
 
The Waterproef case study revealed a lack of attention to the consequences by the top 
strategic decisions and the impact on the effectiveness of the evacuation and the relationship 
to other stakeholders. It can therefore be questioned whether such exercises increase or 
decrease preparedness when no feedback is given about the comparison between the chosen 
strategy and its consequences and the planned consequences. 
 
To support top strategic decision making, the situation has to be considered as a crisis directly 
after the detection of the threat of flooding because of the limited time available and the 
autonomous responses of the citizens and other (governmental) organisations. The top 
strategic decision maker has to initiate crisis management mechanisms and involve other local 
decision makers to increase the possibility of connected planning. In the case of a threat, this 
is a top down approach, which is different than the more classic ways of initiating crisis 
management mechanisms through a bottom up approach. When no clear visual signals of 
nearby events are available and public awareness is minimal, the decision making process 
lacks an incentive to make decisions and purely depends on information offered by experts. A 
delay in the decision might be realistic, but it may also result in a less effective response in 
the future.  
 
This section shows that the probability of the occurrence and the consequences (in terms of 
the loss of life and possible damage), leadership and accountability are considered to be the 
most important for the decision making process. Accountability for the care of citizens when 
things go wrong is also one of the requirements of evacuation planning in a democratic 
country. By preparation the use available means (emergency equipment and personnel) and 
traffic infrastructure can be optimised with regard to risk of loss of life and damage. 
 
This survey shows that the crisis managers have almost the same perception as the decision 
maker. It is recommended that the decision making process itself will be simplified in the case 
of a mass evacuation. This simplification is needed to prevent loss of time used during 
planning and decision making and increase the period for the evacuation. This simplification 
has to focus on properly address the risks, costs and benefits and uncertainties. It is 
recommended that experts be added directly to the teams of decision makers, while crisis 
managers should focus on supporting this process and implementing the decisions. 
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6 Element III of framework 
evacuation: The environment and 
traffic-infrastructure 
 
 
Abstract 
This section discusses the element of the environment and the traffic infrastructure. It is 
shown that in a large-scale evacuation, the capacity of the infrastructure network might be 
too limited to preventatively evacuate everyone out of an area. Traffic management strategies 
can increase the performance of a network when they are implemented in time. This section 
also shows the limitations and opportunities of technical optimisations based on the road 
network in reality. The evacuated people for example have to know these routes, and they 
must be willing to take them. When traffic management is too complex, the travel speed 
decreases because people need time to understand the situation. 
The limitations of preventive evacuation are also known by decision makers. On May 30th, 
2008, the Dutch government informed parliament about the effectiveness of preventive 
evacuation of coastal and river areas in the case of flooding. Analysis of a case study 
showed, and the Dutch government announced, that it is impossible to evacuate the entire 
coastal area preventively within a 48-hour time span preceding a worst-credible-scenario 
flood in the Netherlands caused by a storm surge. The entire threatened area can be divided 
into several risk zones, and the effectiveness of the evacuation may vary over these zones 
because of the number of people and the road capacity. Complexity for decision makers will 
increase because of uncertainties in forecasts about the threat when the lead time increases.  
This fact illustrates the need for alternative evacuation strategies, such as vertical evacuation 
(evacuating to safe havens inside the flood zone) or shelter-in-place (hiding) as alternatives 
to reduce the loss of life and the impact of the evacuation. This section discusses the 
performance of road infrastructure for evacuation. This section also defines alternative 
strategies and shows that they require different measures, methods of approach, and crisis 
management processes. This section also addresses the need for flexible and scalable 
preparation so that after detecting and understanding the (uncertain) threat, the authorities 
and citizens can make decisions regarding different strategies for evacuation that minimize 
loss of life. 
 
REFERENCE 
This section is based on ‘Time needed to evacuate the Netherlands in the event of large-scale 
flooding: strategies and consequences’ as published in Disasters in 2012 Oct;36(4):700-22. (Kolen and 
Helsloot 2012b). 
 
 
6.1 Introduction 
 
The available physical infrastructure in an area, and the opportunities to transform this to 
support evacuation, is strongly related to the required time for evacuation. However a 
transformation of the road network to support evacuation can also reduce the possibilities for 
other users. (Deichmann 2006) describes the increase in travel time during the evacuation of 
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New Orleans during Katrina when he traveled to his hospital to offer assistance before Katrina 
made landfall and after the contra flow system was implemented. This chapter describes 
different evacuation strategies, forms of traffic management methods of approach, and crisis 
management processes for the authorities. The consequences of several evacuation strategies 
have been analysed in a case study in the Netherlands. The simulations in the study focused 
on the period starting after the transition phase and ending with the dike breach, which is 
defined as the onset of the disaster. During the discussion the results are discussed in a wider 
context. This chapter presents the necessary technical details in such a way that non-technical 
readers can omit reading them while still being able to understand the essence of the chapter. 
A technical description about the developed model for the Dutch context can be found in 
(Friso et al. 2011) and in (van Zuilekom et al. 2005) for the used software of the evacuation 
model. Finally the need to take the possible consequences of citizen response into account is 
discussed. 
 
 
6.2 Use of capacities of infrastructure during evacuation 
 
The effectiveness of an evacuation can be defined as the proportion of people who can reach 
the intended destination in time or the number of loss of life. In this chapter the effectiveness 
is defined as the number of people that can reach the destination in time. Critical inputs into 
the evacuation planning and decision-making process include the available time and 
necessary time (van Noortwijk and Barendregt 2004; Jonkman 2007).  
The location where people are exposed to the consequences of a flood, and therefore the 
effectiveness of evacuation matters because the probability for loss of life is related to the 
location and local circumstances (Jonkman et al. 2009; Kok et al. 2007; Sheldon D. Drobota 
2007). Evacuees who are hit by flood water while moving in their vehicles have a greater 
probability for loss of life than those who evacuate to upper levels in the flood zone. Evacuees 
who successfully leave the threatened area in time have a lower probability for loss of life 
than those who stay in the area, those who stay in the area but move to a shelter have a 
lower probability for loss of life than those who are hit in their cars or stay at home. Evacuees 
who leave the area only have a risk of fatal traffic accidents during the evacuation. This means 
that each strategy will result in different consequences in terms of loss of life, but each 
strategy also has a different impact on the evacuation. The relation between loss of life and 
the location of people as further discussed in 11.3.2. 
 
Planning and preparation for evacuation strategies, as well as decision making during an 
actual threat, require insight about the effectiveness of decisions and measures, the 
availability of warnings (and the translation of these warnings in the available time and the 
size of the threatened area) and their interpretation, consequences of citizen response and 
the status of the (future) environment (Pel 2011). When these are known (or agreed on in best 
case or deterministic planning) scenarios can be developed. However in reality all of these 
elements are uncertain before the start of a disaster. After detection of a possible threat, 
uncertainty may be reduced because the moment of detection is defined, actual forecasts are 
available, and the status of infrastructure and preparation is turned into a boundary condition 
for the next few days. However uncertainty and its consequences, including unforeseen events 
during the evacuation should be taken into account. An example is a car accidents or lack of 
fuel. Based on statistics of daily traffic these accidents (with injuries or even deaths) happen 
more than once a day. Therefore it is almost certain that these will also happen during an 
evacuation when stress is increased and also less experienced drivers will use roads 
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compared to normal rush hours. Although the probability for accidents is almost 1 the location 
of them still remains highly uncertain.  
 
A better understanding of heuristics and biases can improve judgments and decisions in cases 
of uncertainty (Tversky and Kahneman 1974), which illustrates the importance of preparation 
and realistic exercises (especially in situations with lack of real events as the Netherlands). 
Choices can be made to focus on another strategy instead of ignoring the warning because of 
the possibility that a flood does not occur (or not occurs as expected). The willingness of 
citizens to respond and the willingness for decision making by authorities might increase 
when experience and perception is available, as was shown in the evacuations for Katrina 
(Wolshon 2006) and Gustav (Cole 2008). 
During preparation for a crisis, more strategies for evacuation should be prepared based on 
the known uncertainty and consequences of threat-scenarios, measures and uncertainty. By 
analysing flooding scenarios of different sizes and different lead times, including the most 
likely and the worst-credible floods, explicit and rational choices can be prepared based on a 
risk approach that also takes uncertainty into account. This uncertainty stems from citizen 
response, the response of authorities and the physical environment. Measures can be planned 
or prepared for specific problems related to the actual circumstances and possibilities. By 
preparing a set of scenarios chosen using the knowledge of the consequences of uncertainty, 
these scenarios can be used to advise decision makers about possible realistic measures in 
case of a certain threat. To develop realistic time lines for evacuation also the sense making 
and decision making process for evacuation has to be taken into account. 
 
 
6.3 Evacuation in case of large scale coastal flooding in the 
Netherlands  
 
This case study, which is used by the Dutch government (BZK and VenW 2008b), describes the 
influence of the road capacity on different strategies for evacuation in the Netherlands and 
relates this influence to crisis management, operation planning and citizen response and 
decision-making. The scenarios for evacuation focus on the results in a period of 48 hours 
before the moment of failure of the defence system for coastal areas in case of extreme storm 
surge, which means that only 24 hours are available for evacuation. The last 24 hours cannot 
be used because of the extreme wind speed that causes the storm surge (Kolen and Wouters 
2007).  
 
The period of 48 hours for evacuation of coastal areas is based on the system of early warning 
(van Noortwijk and Barendregt 2004; Jonkman 2007) and the recent introduction of a national 
commission on flooding.(VenW and UVW 2010). Although the available time after early warning 
or recognition of the possible flood is uncertain, this period is considered to be the expected 
value by experts (Maaskant et al. 2009). The effectiveness of an evacuation is defined by the 
proportion of people who can reach their destination or leave the threatened area before the 
onset of the disaster (the moment of failure of the defence system). Decision making by the 
crisis centre and initiating the necessary preparation by the emergency services are assumed 
to take place at that time or in advance. 
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To get insight in the consequences for different evacuation strategies assumptions are made 
in this paper for (these are discussed in the next sections): 
 The kind and number of evacuation strategies considered; 
 Traffic management and traffic modelling; 
 Threatened area and different risk zones in this area; 
 Number of people in a strategy for evacuation; 
 Citizens’ response. 
 
 
6.3.1 Strategies for evacuation  
 
Four different evacuation strategies were investigated in this study to get insight in the time 
needed for evacuation. These strategies are based on the different zones of the threatened 
area (separated in a high and low threat area), as shown in Figure 27 and in Table 12. The 
strategies are based on combinations of preventive evacuation and vertical evacuation or 
shelter. These combinations are based on the risk assessment of the area and the self-reliance 
of people. 
 
Table 12: Different strategies for evacuation and population part supposed to leave or stay behind 
 High threat area Low threat area 
 Self-reliant 
people 
Non Self-reliant 
people 
Self-reliant 
people 
Non Self-reliant 
people 
Maximum preventive evacuation Leave Leave Leave Leave
High preventive evacuation Leave Leave Stay Leave
Low preventive evacuation Leave Leave Stay Stay
Minimum preventive evacuation Stay Leave Stay Stay
 
 
6.3.2 Traffic management and traffic modelling 
 
Different evacuation-scenarios of traffic management have been considered, varying between 
optimistic and pessimistic evacuation-scenarios. These traffic management types are part of 
the so called ‘evacuation calculator,’ of which a more detailed description is provided by Van 
Zuilekom et al. (van Zuilekom et al. 2005):  
 Reference: inhabitants are assumed to be free in choice regarding their method of 
preventive evacuation (a pessimistic scenario); 
 Nearest exit: evacuees are assumed to evacuate preventively by heading to the nearest 
exit, regardless of capacity and use of this exit (a pessimistic scenario); 
 Advanced traffic management: evacuees are optimally divided over the available exit 
points, taking the capacity of these exit points into account (an optimistic scenario); 
 National Concept Traffic Management (NCTM), see Figure 26 (an optimistic scenario). 
This scenario is only used for maximum and minimum preventive evacuation. This 
strategy uses the entire Dutch highway system, and is predefined with regard to 
connecting origin, route and destination (Holterman et al. 2009). This form of traffic 
management does not only focus on the threatened area itself but also on the 
surrounding area. The routes are logical to the evacuees because they are more similar 
to day-to-day use. Intersections of the highways with other highways or local roads are 
closed. Contra flow traffic is only introduced for emergency services using the lanes of 
highways normally used to enter the threatened area; 
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 NCTM+; one extra variant on NCTM. This variant uses the algorithm of ‘advanced traffic 
management’ instead of the connection between origin and destination resulting in a 
(technical) optimal use of exit points. 
 
Two different types of calculations were made using the evacuation model: 
1. Static runs (Evacuation Calculator, (Barendregt et al. 2002; van Zuilekom et al. 2005)): 
this model takes into account the number of evacuees in the area, the distribution of 
departure of the evacuees in time, the road capacities and the network, the exit 
capacity and the effects of traffic management. The parameters of the static model were 
calibrated using the macroscopic model Madame (Meinen 2006); 
2. Dynamic runs for the most 
interesting scenarios (macro-
scopic dynamic assignment 
model Madame): this model 
uses the (local) charac-
teristics of the road network 
and takes into account the 
relationship between travel 
speed, intensity, road capa-
city and the number of 
vehicles during the evacu-
ation. 
 
The whole road network is 
assumed to be available for evacu-
ation and all people are assumed 
to be at home before the start of 
evacuation. No roads are assumed 
blocked due to construction or 
maintenance, no traffic is coming 
into the threatened area and no 
obstructions due to accidents 
during the evacuation are conside-
red.  
 
 
6.3.3 Threatened area and risk zoning for evacuation 
 
The threatened area is defined as the area that can possibly flood based on the forecasts and 
the area in which the consequences of the flood can occur (where there will be a breakdown 
of all kinds of services). The threatened area is based on the possible (worst credible (ten 
Brinke et al. 2010), as defined in Table 1) floods using information available at the moment of 
decision making for evacuation using realistic forecasts. Up to 24 hours before the onset of the 
flood, the entire coast is expected to be at risk. No areas can be excluded because of the 
uncertainty in the development of the weather (Kolen and Wouters 2007).  
 
Inside the threatened area, different zones are identified based on the possible impact of and 
their vulnerability to the threat, using the knowledge of water depth, the velocity of the water 
 
Figure 26: National Concept Traffic Management presenting 
routes from west to east and north to south and shelter areas 
(circles) (Holterman et al. 2009) 
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and the breakdown of services. These zones represent more or less vulnerable areas and are 
used for several strategies for evacuation. These are shown in Figure 27:  
 A high threat area: The high threat area is the area that could be flooded in one of the 
worst credible flood scenarios; 
 A low threat area: The area that could flood with low probability. For example, breaches 
at unexpected places could cause flooding. In this area, almost all services (electricity, 
gas, waste water, drinking water, telephone, etc.) are assumed to break down. 
The threatened area (Figure 27) is divided into areas that are assumed to be independent: 
 North Netherlands; 
 Flevoland and surroundings; 
 North and South Holland; 
 Islands of Zealand and South Holland; 
 Zeeuws Vlaanderen. 
For the strategy ‘National concept traffic management’, the complete combined area is used as 
one zone. 
 
Number of people for which the evacuation strategies apply.  
The number of people for which the evacuation strategies apply can be determined by a 
combination of the threatened area and the number of people in an area. In Table 13, the 
population to be evacuated is presented, divided into those who evacuate preventively and 
those who stay inside the area (using shelter-in-place or vertical evacuation) for each strategy.  
 
 
Figure 27: Threatened area (BZK and VenW 2008a) 
The population to be evacuated is based on the number of people in postcodes and the 
different zones of the threatened area. About 11% of the total population is estimated to be 
unable to evacuate without requiring medical assistance and is not considered self-reliant; 
they will need the support of emergency services to evacuate (CBS 2008; RIVM 2008). 
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All other citizens are assumed to evacuate on their own, supported by family or other citizens, 
and are considered self-reliant. 
 
Table 13: Number of people in each strategy (x 1,000 people) 
 Preventive evacuation Vertical evacuation and shelter in place 
Maximum preventive evacuation 3.900 900 
High preventive evacuation 2.900 1.900 
Low preventive evacuation 2.700 2.100 
Minimum preventive evacuation 1.200 3.600 
 
Citizen response 
The response of each citizen depends on several factors, such as experience, trust in the 
government, and the safety of family, friends, and pets (van Duin et al. 1995; Kok et al. 2007; 
Perry and Mushkatel 1984). At the start of the evacuation, people are assumed to be in their 
homes, and roads are assumed to be empty. Before the decision to start an evacuation, other 
measures, decisions and crisis communications have been executed based on forecasts in 
accordance with national and regional emergency planning. People who evacuate 
spontaneously are assumed to be compensated by people who enter the area to support 
family and friends. Each scenario uses a departure curve that defines the moment when 
people leave their homes and take part in the traffic (Friso et al. 2008; Doef M. van der 2006). 
After 5 hours, 20% of the people leave their home for preventive evacuation; after 7 hours, 
50%; 9 hours, 80%; and after 15 hours, 99% of the group that evacuates preventive have left 
their homes. These departure curves are based on experience in the United States and are 
appropriate for the Netherlands (Friso et al. 2008). These curves take into account the time 
needed to respond and the influence of changing information in the response of the public.  
 
This case study assumed that 20% of the people will not adhere to the desired strategy as 
announced by the government. The remaining 80% of the population will follow the 
instructions of the government’s evacuation strategy. This 20% estimate is based on an 
enquiry by ‘TNS NIPO’ (NIPO 2006) in the Netherlands as well as what has been learned from 
the experience during hurricanes induced evacuation in New Orleans.  
 
Table 14: Different figures of % of people who evacuate preventive or will stay behind 
Percentage of people in The Netherlands who 
say they will evacuate preventive when 
advised (or forced by law) by the authorities 
(NIPO 2006) 
Preventive 
Evacuation 
Do not know 
yet 
Stay inside 
the 
threatened 
area 
No opinion 
River area with experience of evacuation of 
1995
68% 28% 3% 1%
River area without experience of evacuation 
of 1995
63% 34% 1% 2%
Coastal area that flooded in 1953 56% 38% 2% 4%
Other parts of coastal area 47% 49% 2% 2%
Percentage of people in New Orleans (%) Preventive Evacuation Stay inside the threatened 
area 
Survey 2004 (Van Heerden and Streva 2004) 69% 31% 
Hurricane Katrina 2005 (Wolshon 2006) 80% 20% 
Hurricane Gustav 2008 (Cole 2008) 95% 5% 
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The Dutch enquiry Table 14 shows the different willingness of citizens to evacuate preventively 
in the Netherlands if ordered by the government. A large group of citizens indicate that they 
do not know as yet what they will do and require more information. Personal experience with 
evacuation or living in an area which is more at risk, such as rivers with relatively high 
discharges every year, have relatively little effect on these choices. Experience in New Orleans 
shows that the number of people who would evacuate preventively changes over events (as 
80% during Hurricane Katrina and 95% during Hurricane Gustav). Because of the large possible 
impact of the different choices of the public, more research is necessary to have a better 
understanding of public choices and their impact. The results can be integrated into planning 
documents and used for communication with the public. 
 
 
6.3.4 Results of the four different evacuation strategies in this case study 
 
The necessary evacuation times defined with the evacuation model for coastal and river areas 
are given in Table 15 and Table 16. For coastal areas, the area of North and South Holland 
dominates the required evacuation time in the sense that other areas need less time for 
preventive evacuation. For strategy 1 and strategy 4, the time required by these coastal areas 
is shown in Table 17.  
 
Table 15: Required time in hours for transportation in case of several strategies of evacuation for several 
forms of traffic management 
Reference 
(Static) 
Nearest 
exit (Static) 
Advanced 
(Static) 
Advanced 
(Dynamic) 
NCTM 
(Static) 
NCTM 
(Dynamic) 
NCTM + 
(static) 
Maximum preventive evacuation 
>72 >72 >72 71 >72 >72 48
High preventive evacuation 
>72 >72 57   
Low preventive evacuation 
>72 >72 55   
Minimum preventive evacuation 
56 >72 24 22 36 34  
 
Table 16: Required time in hours for transportation of 50% and 90% of the population transportation in case 
of several strategies of evacuation for several forms of traffic management 
Reference 
(Static) 
Nearest exit 
(Static) 
Advanced 
(Static) 
Advanced 
(Dynamic) 
NCTM 
(Static) 
NCTM 
(Dynamic) 
NCTM + 
(static) 
Maximum preventive evacuation 
 44/>72 >72/>72 40/71 15/42 27/>72 31/>72 27/41
High preventive evacuation 
 32/>72 61/>72 29/51  
Low preventive evacuation 
 31/>72 59/>72 28/49  
Minimum preventive evacuation 
 15/37 24/63 13/22 9/13 13/24 12/24 
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Table 17: Time required in hours for transportation during preventive evacuation, differentiated according to 
coastal areas in relation to evacuation strategy (maximum preventive evacuation and minimum preventive 
evacuation) and the form of traffic management 
Strategy Nearest exit (static) Advanced (static) Advanced (dynamic)
max min max min max min 
North Netherlands  >72 38 33 21 36 18
Flevoland and surroundings 62 21 26 18 18 18
North and South Holland >72 >72 >72 24 71 22
Islands of Zealand and South Holland 55 18 23 18 27 18
Zeeuws Vlaanderen 40 18 22 18 18 18
 
For coastal areas, both a maximum and a minimum preventive evacuation are impossible 
within the period of 24 hours available. A large variety of regional differences can be seen. The 
most populated provinces of North and South Holland have the most significant problem for 
preventive evacuation due to the number of evacuees and the limited road structure. Smaller 
areas might be able to preventively evacuate a larger part of the population; in some cases, 
complete preventive evacuation is possible. For example, a maximum preventive evacuation of 
Zeeland would require approximately a day in an optimistic scenario (i.e. assuming advanced 
traffic management), In a more pessimistic scenario –still not taking in account the effects of 
non-ideal decision makers- Zeeland also cannot be evacuated preventive in time. 
Detailed analysis shows as expected different bottlenecks in the road network inside the 
evacuation zone, but these bottlenecks also occur outside of the evacuation zone (in the 
threatened area). 
 
 
6.4 Road capacities for evacuation in perspective 
 
 
6.4.1 Consequences of limited road capacity and the need for alternative 
strategies 
 
When people cannot preventively evacuate in time, they have to evacuate vertically or shelter 
in place. In case of a flood, these evacuees will be rescued later or escape by their own means 
to reduce the probability for loss of life and prevent exposure during the flood. International 
analyses of the location of casualties show that people in their cars are more vulnerable than 
others thus making clear that is necessary to change timely at another evacuation strategy 
otherwise all roads will be filled when the flooding makes movement impossible. (Jonkman 
and Kelman 2005; Jonkman et al. 2009).  
 
Compared to the evacuation during Hurricane Katrina, the period needed for transportation out 
of the evacuation zone in coastal areas in the Netherlands can be considered very long. 
Measurements of traffic volume on highways during Katrina showed an increase up to the 
normal traffic volume for a period of 1 to 1.5 days prior to the landfall of Katrina. During this 
period, 80% of the population left the area (Wolshon 2006). In the Netherlands, a period of 
about three days is necessary to preventively evacuate 80% of the inhabitants. 
 
During the evacuation, bottlenecks can be seen inside the evacuation zone and the 
organisation zone. Traffic management as part of an evacuation strategy increases capacities 
of road infrastructure during an evacuation, as seen by the differences between pessimistic 
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and optimistic management. Traffic management is necessary inside the threatened area as 
well as outside this area (organizations zone) to support the outflow of cars. This necessity is 
also illustrated by the contra flow system of New Orleans, where traffic management had to be 
implemented in the states of Louisiana and Mississippi (Wolshon 2006).  
 
A strategy of evacuation that focuses on vertical evacuation or shelter-in-place requires other 
measures by citizens (evacuees who have to take care of themselves) and authorities, such as 
public shelters and search and rescue. A minimum preventive evacuation (about 30% of the 
inhabitants) for the coastal areas will still take about 24 hours, considering pessimistic and 
optimistic scenarios. This strategy requires proper preparation and organisation because 70% 
of the inhabitants are then expected to stay inside the threatened area. If these citizens act 
differently and evacuate themselves preventively, they could start a shadow evacuation that 
limits the evacuation of others and puts more people at risk. This effect could be seen in 
Houston during Hurricane Rita. 
 
 
6.4.2 The consequences of a high safety level as in the Netherlands: lack of 
experience 
 
Compared to other countries, such as the southern parts of the United States where 
evacuation is also because of the hurricanes, mass evacuation because of possible flooding (or 
for example hurricanes) is less common in the Netherlands because of the high safety 
standards in the Netherlands. In Louisiana and Texas for example, emergency planning for 
flooding and evacuation have been tested by decision makers and the public during real 
events (such as Hurricane Ivan in 2004, Hurricanes Katrina and Rita in 2005 and Hurricane 
Gustav in 2008) as well as in exercises (for example, the ‘PAM’ exercise (Van Heerden and 
Streva 2004)). These experiences reveal unforeseen bottlenecks, which are used for next 
generation planning (Wolshon 2006). The ‘quick’ decline of awareness by citizens and decision 
makers can be illustrated by comparing the mentioned hurricanes with Hurricane Betsy in 
1965, for example. It seems that all of the lessons learned and awareness after Betsy 
(Jonkman et al. 2009) were not for any use during Hurricane Katrina. Although the period of 
40-50 years might not seem a long period in the sense that people might actually have a 
recollection of the event, societal and institutional changes will be significant in such a period. 
For the Netherlands the period of 40-50 years between two floods seems small taken into 
account the safety level for flood protection of 1/4,000 to 1/10,000 years for coastal areas. Real 
practices of evacuation can be done but is expensive and not without risk, therefore these are 
not held.  
In the absence of frequent real events or tests, emergency planners have to use small-scale 
exercises, research instruments and foreign experience to test, evaluate and improve 
evacuation planning. Scenarios cannot be validated in the Netherlands because of the lack of 
real disasters and the low frequency of foreseen events, which makes the existing data 
outdated for validation. Consequently, planners must think about the consequences of several 
scenarios, including pessimistic and optimistic scenarios. 
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6.4.3 Consequences of citizen response 
 
Another element of uncertainty is the citizen response. Literature (Fischer 2002; Helsloot and 
Ruitenberg 2004) on self-reliance shows that people take different measures based on 
information, but mostly behave rationally based on available information, their perception and 
self-interest. Citizens use information from the government but also consult other sources of 
information. When viewed from a different (or overall) perspective, the behaviour of each 
individual might not seem logical; it could even look like panic (Helsloot and Ruitenberg 2004; 
Quarantelli 1999). However, from the perspective of the person concerned, it is the most 
realistic course of action. Uniformity and effectiveness of the citizen response thus cannot be 
guaranteed and should be taken into account. In section 7 citizens response is further 
elaborated. 
 
 
6.5 Concluding remarks 
 
Different strategies in which types of evacuation of evacuation are combined can be 
distinguished with respect to the moment of the onset of the disaster and the destination of 
the evacuees. In the case of an evacuation initiated before the onset of a disaster, the number 
of people that can reach their destination depends on the evacuation strategy (preventive 
evacuation, vertical evacuation, or shelter-in-place), the available time and the required time 
for each strategy. The required time depends on the possible impact, the environment and the 
effectiveness of measures employed by the authorities and citizens. Inside a threatened area 
different risk zones can be defined that can be used to develop evacuation strategies. 
 
A complete preventive evacuation out of highly populated urban areas might not be possible. 
This is because of the available road capacity, the number of people and the available time for 
the evacuation. The road capacity in the Netherlands is insufficient for a preventive evacuation 
of coastal areas in a period of 48 hours. The provinces of North and South Holland, the 
economic hub and the most valuable part of the Netherlands require the most time for 
preventive evacuation. Other coastal and river areas need less time for a complete preventive 
evacuation, but under most circumstances, they still require more than a day. This conclusion 
requires the consideration of alternative strategies, such as the use of shelters, safe-havens, 
or vertical evacuation, and supporting the self-reliance of citizens if they remain in the area. 
These alternative strategies are supplemental to preventive evacuation. Other strategies could 
reduce the vulnerability and loss of life in possible circumstances, require less time and have 
less economic impact before the onset of a flood, although evacuees have to be rescued in 
the case of a flood. Strategies can be optimised by combining different types of evacuations. 
The consequences vary among different destinations inside the flood zone, taking the 
uncertainty into account.  
 
Adaptive planning takes the influence of uncertainty into account, which also means that 
evacuation planning that tries to fit the decisions, measures and available means to a specific 
design scenario does not contribute to preparation because the assumptions in such a design 
scenario are unlikely to be valid. Evacuation planning should aim to maximise the use of the 
available means for different possible future scenarios. Evacuation planning should also take 
human behaviour into account, and more effective strategies can be defined based on model 
optimisation or technical approaches. However, people have to be willing and able to follow 
evacuation routes. When the frequency of evacuation decreases, and therefore experience 
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decreases, the evacuation strategies should be as simple as possible for evacuees as well as 
emergency personnel to reduce situations which might slow down the evacuation. 
 
There are no criteria in the Netherlands to describe the level of preparedness (in terms of 
effectiveness) of the authorities for evacuation. Despite the lack of these criteria it is often 
stated that preparation is sufficient (in Dutch “op orde”, a quantitative assessment does not 
exist. This means that existing preparation (planning, exercises etc.) cannot be evaluated with 
regard to the required effectiveness; also investments cannot be related to their contribution 
to better preparedness for evacuation or overall flood risk.  
In risk analyses however the effectiveness of evacuation is taken into account but these 
assumptions are not used as design criteria for emergency services and preparation. It is 
recommended to develop criteria for evacuation, part of a risk based approach, so preparation 
can be frequently tested and the level of preparedness can be communicated to the public.  
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 113 
7 Element IV of framework 
evacuation: Citizens response 
 
 
Abstract 
This section focuses on the element of the citizens’ response during a mass evacuation. The 
majority of people evacuate themselves and the authorities facilitate evacuation by offering 
information and by managing the environment (for example, through forms of traffic 
management and the use of shelters). Only for some, mainly people with special needs, 
additional attention can be required. This section provides a literature review of the citizens’ 
response during evacuation and flooding. A case study is presented on the impact of 
uncertainties in the citizens’ response on the number of people that can evacuate within a 
certain window of time. The performance of evacuation can be improved through the better 
use of the capacity of cars or departure routes. However, the performance of an evacuation 
can also decrease due to accidents and human behavior. The case study also showed that 
the increase in the performance of a preventive evacuation through a more effective citizen 
response is limited when the road capacity is already fully used. The effectiveness of the 
citizens’ response related to preventive evacuation is also reduced when less time is 
available.  
This section discusses the relationship between authorities and first responders and citizens 
during evacuation. Authorities and first responders mainly facilitate evacuation. They create 
an optimal environment, communicate and can use symbolics to increase the performance of 
evacuation. One of these symbols is a call for mandatory evacuation. A call for mandatory 
evacuation, especially when warning calls have been made, can be used to make more 
people aware of the danger and influence their perception because of the statement of the 
authorities. The use of such symbols therefore can be a strategic measure to influence 
evacuation. A mandatory evacuation does not mean that an evacuation is forced. Therefore, 
large numbers of emergency personnel are required who may be more effective elsewhere. 
Choices about when and how to evacuate can be influenced by the need to use the limited 
capacity of emergency services where it is most effective.  
This section also shows that the response of people is not only influenced by the authorities. 
(Social) media will add and develop information and spread (expert) opinions. People tend to 
evacuate in groups, which can cause additional movements because, for example, they will 
gather in places and share information or offer support to each other. It is also shown that 
people may evacuate if they feel threatened, despite any suggestion by the authorities that 
an evacuation should start. When this is taken into taken into account communication can 
be used by the authorities to increase effectiveness of evacuation. 
 
REFERENCE 
This section is based on the chapter ‘Self-reliant citizens in case of flooding and mass evacuation’ in 
the booklet ‘Zelfredzaamheid, concepten, thema’s en voorbeelden nader beschouwd’ (Kolen 2010a). 
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7.1 Introduction 
 
The citizens’ response is defined as all of the actions taken by citizens to prepare for disasters 
and major incidents, as well as during and after disasters and major incidents, with the intent 
of helping themselves and others to limit the effects of the disaster or major accident 
(Helsloot and Ruitenberg 2004). Many studies have argued that citizens will act in a rational 
manner in the case of a crisis as for example (Helsloot and Ruitenberg 2004; Quarantelli 1999; 
Perry 2003b). Citizens will take measures when they feel threatened and in the case of 
flooding, they will evacuate themselves to a place that they think is appropriate for them. 
Citizens gather information using multiple sources of information, such as the Internet, radio, 
television and social media (with increasing importance). This information (and opinions) is 
partly distributed by the authorities, the media, (semi) experts and other citizens using 
(social) media. Thus, views other than those of the government will be widely available. 
Authorities should also be aware of this process and support it with extra information. 
 
In the case of a (possible) flood, the number of citizens by far exceeds the number of 
professionals providing emergency services. For example, in the New Orleans area, more than 
a million people evacuated during Katrina (Wolshon 2006) and Gustav (Cole 2008; Boin 2009). 
During Hurricane Irene, a mandatory evacuation was ordered for approximately 2,3 million 
people (Kolen et al. 2012a). In the evacuation of the area of Rivierenland in the Netherlands, 
approximately 250,000 people were evacuated (Meurs 1996; van Duin et al. 1995; Nijmegen 
1995). 
 
The (autonomous) response of the public can reduce the efficiency of traffic networks because 
it is overloaded, and because extra trips will cause interference with other traffic streams. 
When (all) citizens start to move, the number of movements (road trips) can increase far 
above normal. Therefore, the load on traffic infrastructure can be more than in normal rush 
hours, as a consequence the number of people that can evacuate in a certain window of time 
decreases. Additionally, for emergency services travel time will increase. When some roads are 
only used for emergency services, they might be able to move more quickly. However, these 
roads are not available for other road users and emergency services will cross other traffic 
routes, causing congestion. Measurements of the number of vehicles that pass exit points 
during an evacuation compared to normal figures show how the traffic load increases during 
an evacuation (Wolshon 2006).  
 
The overload of infrastructure can increase when more people evacuate than necessary. This 
can occur when people outside the threatened area evacuate (a so called shadow evacuation). 
The infrastructure can also be overloaded when people start to move too early, before 
measures to help them are implemented (spontaneous evacuation). Extra movements can also 
occur because people make extra trips (to get equipment or collect persons) to protect their 
belongings or pick up friends and families. The authorities can influence the effectiveness of 
the use of infrastructure and resources by the following methods: 
 Facilitating those who are evacuating by implementing traffic management and 
reallocating emergency equipment and personnel; 
 Influencing the risk perception and willingness to evacuate using mass communication; 
 Offer physical support for special groups or to health care facilities.  
When infrastructure is used more efficient more people can leave the area in time and loss of 
life can reduce in case of a disaster.  
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This chapter describes the impact of the citizens’ response related to the performance of an 
evacuation. Therefore, a literature review is presented that focuses on the citizens’ response 
with regard to the consequences of evacuation in the case of flooding. Additionally, a case 
study is presented that shows the consequences and impact of uncertainties of the citizens’ 
response in the Netherlands. The results are discussed in terms of their benefits to improve 
the citizens’ response.  
 
 
7.2 Review of the citizens’ response relative to the 
effectiveness of an evacuation  
 
The behaviour of citizens and authorities depends on their perception of the threat, the 
consequences they perceive, as well as the effectiveness and desirability of measures that 
they think they can take (Perry 1985). ‘If men define their situations as real they are real in 
their consequences’ as stated by (Thomas and Thomas 1928). Research from the US also shows 
that for those who decided to evacuate in the case of hurricanes, the fear of the event and 
the safety of themselves and their families were the primarily reasons to evacuate (FEMA and 
USACE 2005; Mack 2005; Howell and Bonner 2005). 
 
 
7.2.1 Performance of evacuation 
 
Most people rescue themselves or are rescued by other citizens in the case of a large-scale 
disaster (Dynes 1994; Quarantelli 1989). Additionally, in the case of a mass evacuation, the 
majority of people will evacuate by themselves. Measures by the authorities will facilitate this 
process. After receiving information about the threat and consequences, citizens will move by 
themselves to a safe place, resulting in mass traffic jams as seen during hurricane evacuations 
in the US (Wolshon et al. 2005; Kolen and Helsloot 2012b; Wolshon 2006). Additionally, the 
majority of the people who fled into the Superdome and convention centre in the US moved to 
these places by themselves. A security supervisor of the Superdome stated that cars of rich 
and pore people were parked all around the Superdome, ‘some even came with Jaguars’ (Kok 
et al. 2007; McQuaid 2006) or to work after saving their families (Deichmann 2006). 
The consequences of the citizens’ response during evacuation can be related to the number of 
people that can reach the desired destination or the number of lives lost. The number of lives 
lost can be defined when the consequences of the exposure to the disaster are combined with 
the location of people. Literature (Jonkman and Vrijling 2008; Jonkman 2007) about the number 
of lives lost in the case of a flood shows that a first estimation of mortality rates for coastal 
and river areas is approximately 1% (Boyd 2006). An analysis of coastal area dike ring 14 
(Jonkman 2007) shows that mortality rates can decrease up to 0,1% by taking adequate 
emergency measures. The loss of life in the event of large-scale flooding is related to the 
number of people in an area during the onset of a flood and can be calculated by accounting 
for the local characteristics and the location of the people (Jonkman 2007; Jonkman S.N. 2008). 
This research uses the total number of people that are exposed during the onset of a flood 
and relates that to the water depth and water velocity. Other research has shown that the 
probability of loss of life is also related to the local situation, the age of persons (Jonkman et 
al. 2009; Kok et al. 2007; Sheldon D. Drobota 2007) and the circumstances when the event 
occurs (Slager 2003; Jonkman et al. 2009; Jonkman and Kelman 2005; Kolen et al. 2010a; 
Haynes et al. 2009b; Kolen et al. 2012b).  
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In section 12, mortality rates are discussed relative to specified to locations during a flood. 
Different locations are identified, including the home (prepared or not), a shelter, a car in the 
flood zone or those who evacuated in time to outside. 
It is concluded that the citizens’ response is already happening at the time that the flood or 
evacuation begins. The citizens’ response is identified as an important factor for successful 
operations; see for example (van Duin 2011; Scholtens et al. 2009; Scholtens 2007; Perry 1985; 
Tierney 1989; Perry and Mushkatel 1986). Citizens’ response can reduce the loss of life in a 
flood zone or increase the number of those who can evacuate in time. However constraints of 
the physical environment can reduce the possibility to execute measures. A remark has to be 
made about the relationship between the number of evacuees and the number of rescue 
workers. An increase in the capacity of existing emergency services might not be significant 
depending on the relationship between these groups. Effort in facilitation or communication 
by the authorities to support measures that are already taken by the citizens seems to be far 
more significant and could increase the performance of the evacuation.  
 
 
7.2.2 Behaviour of the citizens 
 
In terms of the citizens’ response, the literature shows that people will not directly act after 
the first indications of a disaster. Research on evacuations related to fire in buildings shows 
that people have different perceptions of signals and alarms, especially when fire or smoke 
are not detected directly by the person in question (Kobes 2010). In the case of fire in 
buildings, people often do not make the appropriate assumptions about the threat and 
emergency measures, which results in less optimal decisions for evacuation (Proulx 2001b). 
Therefore, it is not realistic to expect that the behaviour of the citizens will be optimal in 
terms of actual planning and minimising the loss of life or economic impact. In addition, 
uncertainty about the probability of the occurrence of a fire in a building will have a negative 
impact on the willingness to evacuate (Tong and Canter 1985). These findings can also be 
applied to flooding and mass evacuation because of the similar low risk perception in the 
Netherlands (Terpstra 2009). This research showed that the Dutch public takes almost no 
preparative measures to reduce flood risk. Other research in Europe (Krasovskaia 2005) and 
the Unites States (Knocke and Kolivras 2007) shows the same results: the majority of the 
people do not take any preparative measures (during the planning phase) with regard to flood 
risk. 
 
A recent mass evacuation showed that the number of people that participate in a preventive 
evacuation in the case of a threat of flooding or a hurricane varies: 
 During Hurricane Ivan in the US, approximately 50% of those in the threatened area 
evacuated. Approximately 65% of the people evacuated in the area that already could 
get hit by a category 1 hurricane, approximately 43% of the people evacuated in the 
zone for category 4 (FEMA and USACE 2005). For those who evacuated, there was a 
window of time between the moment the decision was made and when they started 
evacuation. Approximately 50% started evacuation within the first 6 hours, while others 
started evacuation after 24 hours (FEMA and USACE 2005);  
 During Hurricane Katrina, approximately 80% of the people evacuated (Wolshon 2006); 
 During Hurricane Gustav, with the consequences of Katrina fresh in mind, approximately 
95% of the people evacuated (Cole 2008); 
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 During Hurricane Rita, approximately 62% of the people evacuated (Mack 2005). This 
research also shows that approximately 10% of the people did not complete their 
preventive evacuation because of traffic jams and returned home. Additionally, 
approximately 10% finally went to another destination; 
 During the evacuation of the area of Rivierenland in the Netherlands, more than 90% 
evacuated (after (van Duin 1995; Nijmegen 1995; Meurs 1996). 
 
The majority of people are able to take responsibility for their own decisions during normal life 
(and also the society expects them to do so). Following the theory of natural decision making, 
they will therefore also make (rational) decisions on their own during a crisis. Several myths 
are discussed in the literature about the behaviour of people (Helsloot and Ruitenberg 2004; 
Quarantelli 1999; Perry 2003b; Dynes 1994), indicating the following:  
 People overall do not panic in the case of a disaster but will act rationally. If panic does 
occur, it usually only affects a small number of people and lasts for only a short time; 
 Citizens are not helpless and not dependent on external assistance. The majority of the 
people are rescued by other people and not by rescue workers;  
 Looting does not occur on a significant scale, although the media will highlight looters 
when looting is happening. 
As an individual or as a group, each citizen will make a judgement regarding the threat and 
possible measures. These measures are related to the values that are important and relevant 
for them. This means that groups and individuals might give a different value to alternatives 
and decide for other measures and types of evacuation. Although people will act rationally, 
the combined response of all people might appear chaotic, especially when this is placed in 
the perspective of others, such as for example a government that decided for evacuation 
(Fischer 2002). People will begin evacuating themselves or prepare their house for a flood 
depending on the information that they obtain through various media sources, such as the 
Internet, radio, television, (increasingly) social media and information from the authorities. 
Even without a call for evacuation by the authorities, people will initiate an evacuation 
spontaneously. The perception of the risk is not equal to the real risk. Therefore, areas that 
will not be exposed to the consequences of the threat can evacuate as well, representing a 
shadow evacuation (Mitchell et al. 2007; DHS 2006).  
The (spontaneous) response of individuals can, however, have a (negative) impact on the 
public facilities, such as the capacity of the infrastructure. This was seen in Houston during 
hurricane Rita when people started evacuation by themselves, even in areas that were not 
threatened (DHS 2006). Twice as many people finally evacuated than was expected based on 
the threatened area (Litman 2006). This process had been observed in previous hurricanes. 
During the evacuation of hurricane Ivan, it was estimated that approximately 28% of the 
evacuated population did not come from the evacuation zone (FEMA and USACE 2005). 
However, large numbers of people also decided not to evacuate despite several calls of the 
authorities, even when the evacuation was mandatory as with Katrina and Gustav. Several 
reasons explain why people do not evacuate: 
 Traffic conditions; 
 Work obligations; 
 The desire to protect their house and belongings; 
 The desire to take care of pets; 
 The desire to take care of the elderly; 
 Disbelief of the forecasts; 
 No access to transportation. 
Spontaneous evacuation therefore has to be taken into account during evacuation planning.  
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7.2.3 Citizens’ sense of urgency to take measures in a crisis  
 
The need to take measures strongly depends on the interpretation of the situation by the 
involved citizens. This can be shown through several examples. In November 2007, a storm 
surge threatened the Norfolk area in the UK. Water levels were anticipated to exceed the 
critical the level of the defence system. The government called for an evacuation, but the 
majority of the public did not evacuate because they did not perceive the risk (Ellis 2008), in 
the end the area did not flood and the water level rose to just below crest level. Because of 
hurricane Gustav in the New Orleans area, which was described as the ‘Mother of all storms’ 
(Williams 2008), approximately 95% of the inhabitants evacuated (Cole 2008) with the 
consequences of Katrina (when 80% of the population evacuated (Wolshon 2006)) fresh in 
mind. The announcement was based on a forecast that the hurricane was a class 5 (the 
highest class, Katrina was a class 3 hurricane) a few days before landfall (Alert 2008). Gustav 
did not ultimately cause flooding, Gustav was also not a category 5 hurricane during landfall. 
However, the hurricane caused major damage in the shelter area around Baton Rouge. Those 
who evacuated from the threatened areas in New Orleans or elsewhere along the Mississippi 
coast to shelters in this area were faced with a breakdown of services such as electricity for 
approximately a week. Those who did not leave the threatened area in New Orleans were only 
threatened for approximately two days. Therefore, it can be questioned how the interpretation 
of the citizens of this area might change over time. 
 
A decision for a mandatory evacuation by the authorities could be considered as a decision 
that all people have to leave the area. The consequences of a mandatory evacuation should, 
however, not be overestimated because of the citizens’ response and the limited capacity of 
emergency services even when these are supported by the army. This is further discussed in 
section 7.4.3.  
 
Measures to support citizens’ response which can work on a local scale might be contra 
effective on the scale of the evacuation zone. Reverse laning might create additional road 
capacity on a highway, but it can also limit the possibility to enter an area, move through an 
area or to enter and leave the traffic network. When a lane or road is kept open for rescue 
workers, these workers are better able to enter the area but the citizens have fewer roads 
available to leave the area. At the same time, this road will not be available for others to 
evacuate, and the emergency traffic will influence the evacuation streams leaving and entering 
this road. The same process could be seen during 9/11 as already described in section 2.2.4.  
 
There can be a difference between the real risk and the perceived risk, and when this is 
recognised, this knowledge can be used for the implementation of risk and crisis 
communication by the authorities (Ruler 1998). Risk communication is defined as the 
information offered to the public about the possible threat and possible impact before 
detection (phase 1 of evacuation), crisis communication as the information offered to the 
public about the detected threat. When time is available, more information can be provided by 
the authorities to influence the citizens’ decision making process. The information is 
additional to the implementation of measures (adapt the environment and infrastructure) to 
support evacuation in the so called transition phase (see section 3 and 5). Authorities can, 
however, influence public behaviour through the provision of information, through risk and 
crisis communication (Huibregtse 2013) and through a comprehensive warning and alerting 
processes or the provision of evacuation routes, blocked roads and reversed roads, such as 
the contra flow system in New Orleans (LA-DOTD 2009) and National Traffic Management in the 
Netherlands (Wegh 2008). However, when time is limited or not available, which is also a 
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realistic event as discussed in section 4, this will impact the ability of the government to 
spread information. Figure 28 shows two different time lines for communication to the public 
after the detection of a possible threat of flooding for two possible events in the same area. 
Event A has a long lead time and a preventive evacuation can be completed, event B has less 
lead time and a preventive evacuation cannot be completed any more. These timelines show 
the impact of different lead times. 
 
 
Figure 28: Different time lines for communication to citizens after the detection of possible flood risk 
 
7.2.4 Factors that influence the response and the influence of time 
 
Literature describes that the characteristics of societies, such as the geography, the level of 
welfare, the existence of disaster-cultures, education, ethnicity, income and age all influence 
behaviour in the case of evacuation (Perry 1985; Tierney 1989; Perry and Mushkatel 1986). The 
same literature describes the role of groups (families, friends). If possible, groups will wait to 
respond until they are complete and aware of the circumstances of other members of their 
group. They will hesitate to take their own measures or even save themselves when others are 
not safe yet.  
In a threat-driven response, and especially in the case of a threat of flooding, information will 
continuously change and perception of citizens will be influenced. During this period, the 
forecasts about the development of the threat might change, the authorities might respond 
and spread information, and experts will add information and the public will spread 
information by social media. New, or changed, information might result in the reconsideration 
of decisions (Fitzpatrick and Mileti 1994). 
 
The travel time is strongly influenced by the moment of departure and by the road capacity in 
an area. In the first and last hours of the evacuation, the congestion is less because fewer 
people evacuate, as is also shown in section 6 and as exemplified by measures during Katrina 
(Wolshon 2006).  
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The number of cars in the evacuation obviously influences the congestion, and therefore the 
number of people in a car is relevant. Again, some figures from the Unites States are available. 
During hurricane Rita, approximately 30% of the people who evacuated with groups of three 
people or less used more than one vehicle (Mack 2005). During hurricanes Katrina and Rita, 
the buses available for public transport were limited because of a lack of drivers and because 
of administrative mistakes when buses were booked twice (Soika 2006; Litman 2006). The 
buses that were used had an average load of 50 people based on research after hurricane Rita 
(Litman 2006) and hurricane Gustav (Eosco et al. 2009). During the evacuation of Rivierenland 
in the Netherlands, many services and equipment offered by the authorities and emergency 
services (after announcing a mandatory evacuation and re-allocation of them) were not used 
because the citizens organises used their own transportation or had already left the area 
(Nijmegen 1995). Additionally, the occurrence of accidents or the lack of fuel impacts the 
performance of an evacuation as shown by the cars that are left behind in hurricane 
evacuations in the US. An analysis after hurricane Ivan showed that the travel time for 
approximately 25% was 6 hours or more than normal. During the evacuation for Rita, the travel 
time increased up to ten times as much as normal traffic times (RITA 2005).  
These findings, however, cannot be translated to the Dutch context directly because of the 
different characteristics of the areas. Analyses of evacuation of coastal areas in the 
Netherlands showed that even with optimistic strategies, the average travel time will increase 
by multiple factors compared to normal. The normal travel time between the Palace 
‘Noordeinde’ in The Hague to a shelter in Arnhem is approximately 70 minutes; however, after 
implementation of national traffic management, the average travel time is 7,5 hours 
(Holterman et al. 2009). To translate these findings to the Netherlands, assumptions have to 
be made about the citizens’ response, the consequences of this response and the 
uncertainties based on traffic models.  
 
 
7.2.5 A better insight into the consequences of the citizens’ response is needed 
 
Although it is known that citizens will act during floods, little is known about how their 
resilience can be enhanced (Helsloot et al. 2012). Historical events however also show the 
limitations of resilience expressed by the number of loss of life for example during hurricane 
Katrina, the 1953 coastal flooding, the tsunami in Japan in 2012 and the Xynthia event in 
France in 2010, This research also recommends further exploration of the relationship and 
interaction between emergency services and citizens.  
 
The preparation of people can be influenced when they perceive flood preparedness as 
personally relevant. Therefore, the appeal to fear can be used as an instrument to catalyse 
motivation for further preparation by citizens (Terpstra 2009), although the relationship 
between ‘fear’ and ‘confidence’ should be handled carefully (Kothuis and Heems 2009). 
Additionally, participation in exercises increases the risk perception (Raaijmakers et al. 2008). 
Other research focuses on the use of social marketing techniques that will allow the crisis 
management message to better compete with other information to get awareness of citizens’ 
(Anson et al. 2009). Finally, this can result in a reduction of suffering of those who evacuate 
and a reduction in the loss of life. People are better able to rescue themselves (goods and 
animals) and others and might recognise (and avoid) risky places. Additionally, the success of 
an evacuation might increase because routes will be chosen more carefully by citizens, and 
knowledge and experience with the contra flow system or traffic management will improve the 
use of the infrastructure, as could be seen during the evacuation of the New Orleans area for 
hurricane Katrina (Wolshon 2006). However, this research also demonstrates that it is 
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important that the system be understood by citizens, and a first-time use does not guarantee 
success.  
 
Based on this literature review, it can be concluded that after the first signals of a threat (for 
flood in the case of a threat-driven event), it is not expected that the public will act 
immediately; it takes time for people to start to evacuate (Lindell et al. 2002). On a very local 
scale, based on previous experience with disasters such as in the Sanriku region in Japan, 
exceptions occur because of culture. With a mutual trust, people start to evacuate directly, 
knowing that others are doing so as well (SA-OIC-KU 2011). For a large-scale, low-frequency 
disaster, however, the public will act at after a window of time based on the information of 
the threat or exposure to the consequences of a disaster with or without the advice of the 
authorities. This can result in difficulties for the authorities in implementing emergency 
measures in case of a threat driven response and a less effective use of the available means 
and infrastructure. Therefore, during the transition phase, the authorities can consider 
adapting the infrastructure, reallocating means and rescue workers and informing the public 
about the consequences to increase the later effectiveness of emergency measures.  
The measures taken by the public, by who, when and where is uncertain. Although the 
perception of the public can be influenced and the citizens can be informed during the crisis, 
the citizens will act based on their interests and knowledge. The citizens will make rational 
decisions overall as an individual or as a group (family). From the perspective of the 
authorities, who also have their own objectives, the combined response could appear chaotic 
because different measures are taken. Because of the interaction between authorities and 
citizens in an environment, there is also a risk that the measures taken or the failure of the 
systems or humans might have a negative impact.  
When the relationship is known between forms of behaviour (in terms of the departure curve, 
the number of people in a car, the route choice, etc.) and the consequences for the 
performance of the evacuation, measures can be taken to influence them. Possible measures 
include the development of better information before or during a crisis for the public but also 
to influence the environment. 
 
 
7.3 Case study: consequences of the citizen response to 
evacuation in the Netherlands 
 
 
7.3.1 Introduction 
 
Section 6.3 showed that it is impossible to evacuate all Dutch coastal areas preventively within 
a 48-hour time span preceding an uncertain, worst-credible-scenario flood caused by a storm 
surge. It was decided by policy makers to put more effort into supporting the self-reliance of 
the people (BZK and VenW 2008b). Based on the results of the Waterproef exercise, the Dutch 
Cabinet stated that the authorities cannot guarantee that each citizen will be saved within a 
certain window of time (BZK and VenW 2009).  
Other policy documents, such as the National Water Plan for the Netherlands (VenW 2009b) 
and the Flood Directive of the European Union (European-Parliament 2007) also mention the 
importance of citizens’ awareness and involvement.  
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As already mentioned (section 10), the public perception of the flood risk in the Netherlands is 
low, and therefore the public takes (almost) no action to prepare for these events (Terpstra 
2009), despite several campaigns, such as Think Ahead (in Dutch “Denk Vooruit”) and The 
Netherlands lives with Water (in Dutch “Nederland leeft met water”). (Kothuis and Heems 
2008) even states that these campaigns might be contra productive. While the main objective 
of the campaign “Nederland leeft met water” (initiated by the Ministry of Public Works, 
Transport en Water Management) was to show that the citizens were safe due to the 
prevention measures, the objective of “Denk Vooruit” (by the Ministry of Interior and Kingdom 
Relations) was to increase the self-reliance of people when something (a flood in this case) 
went wrong. 
 
The objective of the case study is to obtain insight into the consequences of different 
behaviours to be able to identify whether this contributes to or reduces the performance of 
the evacuation. The impact on performance can be used for evacuation planning to define the 
loss of life and provide alternative strategies for evacuation. 
 
 
7.3.2 Sensitivity analyses for evacuation performance in the Netherlands with 
different forms of citizen response 
 
Numerical parameters 
The scenarios, as presented in section 6.3, are used as the reference situation. This sensitivity 
analyses have been performed with the static approach. All four strategies for evacuation are 
taken into account (see Table 13), these numbers correspond with the numbers of the 
strategies in Table 19 and Table 20: 
1. Maximum preventive evacuation; 
2. High preventive evacuation; 
3. Low preventive evacuation; 
4. Minimum preventive evacuation. 
Additionally, the same forms of traffic management reference, nearest exit and advanced 
traffic management have been taken into account as described in section 6.3.2.  
 
Based on the literature review, the parameters for the sensitivity analyses are defined. Table 
18 presents the used parameters and the selected bandwidth for the Dutch context in the 
sensitivity analyses to obtain more insight into the relationship between the citizens’ response 
and the performance of the evacuation. It should be noted that the probability of each 
scenario is not equal, although these are all possible events. When the probability for these 
events is used, a statistical approach can be used, as is done in section 12. 
 
Table 18: Parameters in sensitivity analyses of the consequences of the citizens’ response 
Variable  Reference situation Sensitivity analyses 
Departure curve S-curve of 16 hours S-curve of hours - 
Participation rate 80%  100% - 
Number of people in a car 2.19 people/car  3 people/car 1 people/car 
Average travel speed 20 km / hour 40 km / hour 2 km / hour 
Actual road capacity All roads are available Breakdown of 1 highway Failure of 1 local route 
Flow out rate at exit point 0.2 0.3 0.1 
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Results 
This chapter describes the results for the area of Zealand and the South Holland Islands 
(Figure 29 shows this areas and used exits, other exits are not available because of evacuation 
of other areas).  
 
 
Figure 29: Zealand and the South Holland Islands 
The performance of the evacuation for the reference situation is presented in Table 19 as the 
time needed to evacuate 25, 50, 90 and 100% of the evacuation population. Figure 30 presents 
the bandwidth as the required time for the maximum and minimum evacuation strategy. The 
results of all calculations, including those for other areas in the Netherlands, are presented in 
appendix E.  
 
Table 19: Required time in hours for evacuation for different intervals for the area of Zealand and the South 
Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Strategy for evacuation 1 2 3 4  1 2 3 4  1 2 3 4 
25% of population evacuated 9 8 8 7 9 9 9 7  8 8 8 7
50% of population evacuated 15 13 13 9 16 14 14 10  13 12 12 8
90% of population evacuated 34 22 22 14 35 29 29 14  22 19 19 12
100% of population evacuated 52 32 31 18 45 38 38 18  24 21 21 16
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Figure 30: Bandwidth in required time in hours for evacuation in the reference situation for the maximum 
preventive evacuation (left) and the minimum preventive evacuation (right) for the area of Zealand and the 
South Holland Islands 
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7.3.3 Sensitivity analyses of the results  
 
The required time to complete the evacuation for all strategies of evacuation (from maximum 
preventive up to minimum preventive evacuation) in the area of Zealand and the South 
Holland islands is presented in Table 20. Table 21 presents the relative difference with the 
reference situation for the same strategies for evacuation. 
 
Table 20: Required time in hours to complete the evacuation for all strategies in the area of Zealand and the 
South Holland Islands 
 (1) Maximum 
preventive 
evacuation 
(2) High 
preventive 
evacuation 
(3) Low preventive 
evacuation 
(4) Minimum 
preventive 
evacuation 
 Max Min Max Min Max Min Max Min 
Reference 24 53 21 38 21 38 16 18 
Departure curve of 8 hours  23 52 20 37 19 36 9 16 
100% follow up of 
instructions  
29 66 24 43 24 42 16 16 
1 person per car 45 >72 38 >72 38 >72 17 31 
3 persons per car 20 40 18 30 18 29 16 16 
Travel speed of 2 km/h 37 58 32 47 32 47 36 36 
Travel speed of 40 km/h 24 53 21 37 21 37 15 17 
Fallout of highway 44 65 38 64 38 64 18 23 
Fallout of provincial (N) 
way 
27 >72 24 61 24 60 16 28 
Reduction outflow capacity 43 >72 36 71 36 70 17 30 
Increase outflow capacity 18 37 17 27 17 27 16 16 
 
Table 21: % change compared to the reference to complete the evacuation for all strategies in the area of 
Zealand and the South Holland Islands 
 (1) Maximum 
preventive 
evacuation 
(2) High 
preventive 
evacuation 
(3) Low 
preventive 
evacuation 
(4) Minimum 
preventive 
evacuation 
 Max Min Max Min Max Min Max Min 
Departure curve of 8 hours  -2% -2% -5% -4% -11% -5% -42% -42%
100% follow up of instructions  23% 24% 14% 14% 13% 13% 0% 0%
1 person per car 88% - 84% - 84% - 12% 77%
3 persons per car -14% -24% -14% -22% -14% -22% 0% -12%
Travel speed of 2 km/h 58% 16% 56% 25% 55% 26% 130% 130%
Travel speed of 40 km/h 0% -1% 0% -2% 0% -3% -4% -4%
Fallout of highway 87% 24% 84% 101% 82% 108% 14% 31%
Fallout of provincial (N) way 13% - 14% 92% 14% 93% 1% 60%
Reduction outflow capacity 79% - 71% 88% 71% 88% 11% 71%
Increase outflow capacity -25% -31% -18% -29% -19% -29% 0% -12%
 
When the best and worst performance of the scenarios in the sensitivity analyses are taken 
into account, a maximum bandwidth is shown in Figure 30. The difference between the 
maximum and minimum in the bandwidth increases when the number of people that 
preventatively evacuate increases; this was also expected because uncertainties in travelling 
are taken into account. It is shown that human choices can reduce the time required for 
evacuation, but it can also increase the required time for the evacuation of an area.  
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On average, the improvements in performance are less than the disimprovements in 
performance. This means that wrong choices, or human failure, can have a very large impact.  
Table 20 shows the time required to complete the evacuation (100% value) for each scenario 
in the sensitivity analyses. When the required time is more than 72 hours, it is presented as 
>72 hours because the lead time is less. Therefore, the results of the optimistic form of traffic 
management (max) and worst outcomes of both pessimistic forms of traffic management 
(min) are presented. The results show the parameters that strongly influence the performance 
of the evacuation.  
 
Effort to reduce the window of time required for the departure curve from 16 to 8 hours is 
limited when a large number of people evacuate preventively. Only in the case of the 
minimum preventive evacuation will a reduction in the departure time significantly improve 
the total performance. Therefore, when congestion becomes more important, the departure 
curve becomes less important. When the population that evacuates increases (with 20% more 
compliance or when each car holds 1 person instead of the statistical average of 2, 19 persons 
per car) the time required for evacuation increases. An increase in compliance by 20% could 
result in an up to 25% increase of the required time for evacuation in this area in the case of 
a maximum preventive evacuation. Again, the congestion will increase. Strategies where the 
numbers of people that evacuate preventive are less because they evacuate vertical the 
increase in the required time will be less. When more people are in a car, the reduction in the 
required time is less than the situation when fewer people are in a car. Because of congestion, 
there does not seem to be a linear relationship. When the average travel speeds increase, the 
number of people per car matters the most when capacity of the road network is still 
available. The fallout of a highway means that only provincial N ways can be used. The 
consequences decrease when the road network is better used until the maximum capacity has 
been reached. The measures taken to support the outflow of an area also matters. Congestion, 
limited road capacity and accidents strongly influence the required time. 
The results from other areas (see appendix E) show similar results, although some differences 
can be seen because of local characteristics, such as the size of the population and the road 
network and the capacity. For example, the fallout of a regional way has limited consequences 
in the area of Fryslan and Groningen because there are numerous possible routes.  
 
The sensitivity analysis shows parameters with a high or low impact on effectiveness of 
evacuation. The impact of an increase of the travel capacity from 20 to 40 km/h and the 
impact of a smaller window of time for the departure curve (from 16 to 8 hours) have less 
than a 10% influence on the effectiveness of evacuation. Parameters with a high impact of 
more than 50% on the required time for evacuation are a reduction in the load per car (from 
2.19 person per car to 1 person per car), a reduction of the average travel speed (from 20 
km/h to 2 km/h), a reduction of the outflow capacity near the exists (from 0.2 to 0.1) and the 
fallout of roads when the number of roads is limited.  
 
The parameters in the sensitivity analyses depends on the local characteristics, such as the 
number of inhabitants and vehicles used, the road network capacity and the possibility to 
adapt this traffic infrastructure for better use during an evacuation. The impact of the 
sensitivities increases when the number of movements increases – when more people 
evacuate preventively. Further improvements in the citizens’ response at the destination (for 
example the survival for these who shelter in place), although not taken into account in this 
research, can contribute to lower mortality rates. These become more important when other 
strategies besides preventive evacuation are chosen. 
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7.4 Impact of the citizens’ response on the effectiveness of 
evacuation 
 
 
7.4.1 Perfect citizen response 
 
The results of the sensitivity analyses show that the performance of an evacuation is related 
to the capacity and structure of the road network and the number of evacuees (or better the 
number of vehicles which transport the evacuees) and their behaviour. When the road 
capacity is overloaded, the performance of the evacuation will decline. In the case of a call for 
maximum preventive evacuation (when 80% of the citizens will act according to the chosen 
strategy and 20% will evacuate vertically), it can be questioned whether additional efforts to 
reduce the number of people evacuating vertically will contribute to a reduction of loss of life 
and better performance of the evacuation. Congestion will rise, and more people might be 
stuck in their cars during evacuation when exposed to flooding, than the people are most 
vulnerable.  
 
When citizens aim to maximise the reduction of damage, all cars in the area will most likely 
be filled with goods (and people) and evacuated. The number of people in each car will 
decline, which creates a greater load on the roads and possible congestion. Therefore, decision 
makers should carefully take into account what type of behaviour and response best fits the 
available infrastructure and operational measures that are taken or foreseen to be taken with 
regard to the threat. Citizen response to increase effectiveness of evacuation involves the 
combination of several measures by citizens that reduce the loss of life or contribute to the 
performance of the evacuation; this is not by definition a maximum compliance to the chosen 
strategy for evacuation (as for example preventive evacuation). In addition because of 
uncertainty it can be questioned if perfect citizens’ response can be assumed in emergency 
planning.  
 
 
7.4.2 Expectations about the preparation of the citizens  
 
What expectations for preparation before a crisis for low-frequency events such as flooding are 
realistic? For decision makers as in the Netherlands, it is a struggle to maintain a focus on the 
level of preparedness (ten Brinke et al. 2008a). From the perspective of citizens, it is also not 
realistic to expect that preparation measures will be made by citizens because of the low 
perception of the frequency (Helsloot and Ruitenberg 2004). A survey in the area of Fryslan 
showed that respondents even said that the risk of flooding was not relevant to them 
compared to other threats (Terpstra 2007), which is in line with other research showing that 
the perception of the flood risk is limited (Terpstra 2009; NIPO 2006). However, future response 
by citizens will remain uncertain especially when the number of events is reduced. Literature 
also discusses the relevance of the surveys among citizen’s about low frequent disasters, just 
because of the low risk perception and lack of knowledge about the situation people are 
unable to define their response in these circumstances (Helsloot and Ruitenberg 2004; Proulx 
2001b).  
 
Despite the efforts that are taken to create more awareness of the flood risk, the lack of 
awareness can also be seen as a result of the successful management of flood risk. Because 
of the successful measures to reduce the risk and probability of flooding, areas and societies 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
128 B. KOLEN  
have been able to develop social and economic activities. The limited awareness is therefore a 
luxury problem which rises when the risk reduces caused by the success of other mitigating 
measures.  
Therefore, a raised of awareness (by addressing the fear appeal, for example) has to be 
related to the reduction of risk. When water levels expected to rise and the threat is clearly 
communicated to citizens through forecasts, the presentation of scenarios or even visual 
presentations may provide the incentive to take measures (Perry 1985). In most flood evens 
some lead time is available which can be used to send information out from the authorities to 
the public. This information can influence the behaviour of the people when new information 
or insight is added (Fitzpatrick and Mileti 1994). Based on the actual conditions of the threat 
and impact, traffic infrastructure and risk perception of the citizens’ the strategy for 
evacuation can be defined and communicated.  
In the case of an unexpected event (no lead time), other measures reduce the loss of life 
more than when the lead time is sufficient. Therefore the basic strategy in case of evacuation 
should be to shelter in place en move to higher floors or safe nearby buildings.  
 
Realistic emergency planning takes a realistic level of awareness as a boundary condition into 
account. When the risk perception and awareness of citizens is low (as for flooding), the 
authorities can choose to prepare themselves to overwhelm the society in the case of a threat 
by providing adequate information based on the actual circumstances. Authorities do not have 
a monopoly on the supply of information to others in the case of a crisis. Facts and rumours 
will be mixed. The media will also spread information, and they will also discuss the threat 
and response with experts using different perspectives. Decision makers, political parties, 
lobby groups, experts, citizens, etc., will be interviewed, and meanings will be constructed. 
Due to the prevalence of social media, information and rumours can also spread very quickly 
through society. Authorities have to be aware of this possibility and be prepared to deliver an 
appropriate message to meet the desired objective (as a strategic asset to support the 
reduction of loss of life). For example, when the objective is to evacuate 80% of the people, 
the message sent out by the government can be that all people have to evacuate and that no 
support will be given to those who remain in the area.  
 
 
7.4.3 Use of symbolic value of a call for mandatory evacuation to increase 
effectiveness 
 
During the decision making process, discussions will rise whether the call for evacuation is an 
advise, mandatory or none of these. During the mandatory evacuation of New Orleans for 
Katrina and Gustav, many people did not evacuate, as shown above. After hurricane Rita, 
research showed that for 21% of the population, the call of the authorities that the evacuation 
was mandatory was the last push to evacuate (Mack 2005). For the area of Rivierenland, the 
call for evacuation was made while the evacuation was already on-going.  
 
From the perspective of the citizens in relation to their behaviour during an evacuation, the 
call for an advised or mandatory evacuation is just information that they can use to make 
their own decisions. Other information provided by the media and experts or sent through 
social media, the opinions of family and their belongings will influence the decision making 
process as well. FEMA and the Army Corps of Engineers state that the local TV stations are 
seen as the most important source of information in the US (FEMA and USACE 2005). 
Approximately half of the population that evacuated decided to do so after the most recent 
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news on the television with visuals of the hurricane. Part of this message was that a call for 
evacuation had been made (Mack 2005).  
 
During the period of the threat, different calls for evacuation can be used as a strategic 
instrument by the authorities to urge people to leave but also to prevent all people from 
leaving at once, creating a possible grid lock. The use of the strategic instrument can be used 
in addition to the limited number of emergency services. Even without measures that 
physically force an advised or mandatory evacuation (or both after a period of time) the 
symbolic value of the made decision by the authorities can influence effectiveness of 
evacuation. The symbol can be used as new information about the perception of the 
authorities can be sent to the citizens to influence their response. Therefore, the use of these 
symbolic measures can be seen as a strategic asset of the authorities. 
 
During the evacuation for Gustav, the use of the symbolic value of a call for mandatory 
evacuation and the role of the emergency services was used in practice based on experiences 
with Katrina. The mayor of New Orleans declared very clearly that the evacuation was 
mandatory but that no effort would be taken to confirm that everyone had left or to help 
those who stayed behind. Fines were only given if people created obstructions for those 
attempting to evacuate (Williams 2008).  
 
 
7.4.4 People with special needs in threat and event driven response 
 
People with special needs have different vulnerabilities compared to those without these 
needs during evacuation of when exposed to a flood. This section discusses those who can be 
considered as people with special needs related to a disaster, in section 13.5 the vulnerability 
is taken into account te define optimal evacuation strategies to minimize loss of life for people 
with special needs during evacuation and flood events. For people in a wheelchair, it is more 
difficult to move to upper floors. People who depend on electric instruments for care might 
need extra attention and support during an evacuation. It can, however, be questioned which 
people with special needs will require this attention. For example, children and the elderly 
might be considered as people with special needs, but other citizens can (and will) take care 
of them during an evacuation when enough time is available (in the case of a threat-driven 
response). When no time is available (an event-driven response), the support of other citizens 
might be less, and the group of people with special needs increases.  
 
Dutch research defined people with special needs as people that depend on daily care 
provided by others or machines. This makes them less self-reliant, and it is assumed that this 
group cannot evacuate by themselves (Don and de Jong 2008). When elderly and children are 
also defined as people with special needs about 20% - 25% of the population can be 
considered as part of this group (VCP 2008). However, in the case of mass evacuation planning 
for flooding, this number is not accurate because it also depends on the measures taken by 
other citizens and authorities (see section 13.5).  
During the transition phase in the case of a threat-driven response, before the actual start of 
the evacuation, measures will be taken to prepare for the evacuation. During this period 
citizens will take measures (collect medicine, valuables etc.) for their own safety, they are 
expected to return to their homes or gather with their social groups before evacuating. Parents 
will pick up their children and evacuate with them, families will take care of their elderly 
family members which might be in nursery homes or hospitals as well. During evacuation due 
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to flooding, most people evacuate by them self by (their own) car, a minority by public 
transport or they go to a shelter.  
 
From the perspective of mass evacuation, people without special needs (self-reliant people) 
are considered as those who are able to evacuate on their own using cars, public transport 
and the available infrastructure. Also people who can evacuate with them are considered to be 
self-reliant. People with special needs, or non-self-reliant people, depend on others who offer 
additional services that cannot be fulfilled by other citizens. Emergency planning by the 
authorities should focus on a reduction of the people with special needs to be evacuated by 
the authorities and support those who remain. However, the strategy for the evacuation of 
this group of non-self-reliant people should be further taken into account. Because of their 
dependence on care and electrical instruments, which are also limited during an event, 
problems can arise during evacuation and in a shelter after the evacuation. Taking the 
probability of flooding into account as well as the size of the threatened area related to the 
flood, more insight is needed regarding consequences of evacuation of this group. This could 
lead to alternative strategies for those with special needs to minimise the loss of life. In 
section 13.5, this is further investigated as a part of adaptive planning. 
 
 
7.5 Concluding remarks 
 
Most people evacuate themselves, and the authorities facilitate evacuation by offering 
information and by managing the environment (for example, forms of traffic management and 
the use of shelters). People with special needs, or non-self-reliant people, depend on others 
who offer additional services that cannot be provided by other citizens. The evacuation of 
people with special needs is further discussed in section 13. 
Choices about evacuation by citizens are influenced by various forms of information. The 
information will be gathered using multiple sources, such as the internet, radio, television and 
social media (with increasing importance). This information (and opinions) is partly distributed 
by authorities and by the media, (semi) experts and other citizens using (social) media. 
Information communicated during the threat by the authorities can be used to influence 
citizen’s response and effectiveness of evacuation.  
 
During the period of the threat, the symbolic value of different calls for evacuation by the 
authorities (as an advisory or even a mandatory evacuation) can be used as a strategic 
instrument, to urge people to evacuate and influence effectiveness of evacuation. This 
information can be used in addition to the limited capacity of emergency services. Other 
symbols which can be used to influence effectiveness of evacuation are the visibility of first 
responders or the army and the families of first responders who start evacuating. The use of 
these symbols is a strategic asset for the authorities to create a sense of urgency and 
influence the citizens’ response.  
The effectiveness of evacuation is related to the capacity and structure of the road network 
and the number of evacuees (or better vehicles in the evacuation) and their behaviour. 
Uncertainties in the citizens’ response strongly influence the performance of an evacuation. 
Citizens’ response cannot be controlled by the authorities, therefore uncertainty has to be 
taken into account. Measures for the authorities to increase effectiveness of evacuation after 
detection of a threat are a combination of physical measures to the infrastructure, information 
communicated to the citizens by the authorities taking the limited risk awareness into 
account.  
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It is shown that the citizens’ response (human choices) can reduce the time required for 
evacuation as well as it can increase the time required for the evacuation of an area. The 
capacity of the traffic infrastructure gives an upper limit for the performance of the 
evacuation, and improvements in the citizens’ response are not effective when the road 
capacity is fully used. The effectiveness of the citizens’ response also reduces for preventive 
evacuation when lead time reduces.  
The (autonomous) response of the public can reduce the efficiency of traffic networks because 
these become overloaded or are less effective used. Also additional trips as to collect family 
members cause interference with other traffic streams and therefore increase the time needed 
for evacuation. 
 
Delta areas and societies have been able to develop social and economic activities based on 
successful measures to reduce the risk and the probability of flooding. As a consequence the 
risk awareness decreases because of low frequency of floods. This limited risk perception can 
be seen as a problem. However, it is also a luxury problem caused by the success of other 
mitigating measures. The problem can only exist when the risk is reduced and therefore can 
be seen as a second hand problem. Realistic evacuation planning takes a realistic level of risk 
awareness into account as a boundary condition. After detection of a threat in most case some 
lead time is available, during the transition phase authorities can overwhelm the society with 
information by providing adequate information based on the actual circumstances and related 
measures. 
 
Further improvements in the citizens’ response among those who shelter in place or who are 
hit during an evacuation (and escape or are rescued) can contribute to lower mortality rates. 
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8 Introduction in cost-benefit 
perspective for emergency 
management as part of flood risk 
management 
 
 
Abstract 
This section discusses the use of cost-benefit analyses for flood risk management and the 
layer evacuation management. Flood risk is defined as the product of the probability of 
flooding and the consequences of flooding. Choices about the acceptable level of risk in a 
society or the decision to call for evacuation contains values and can only be made by 
politicians. However, to make these decisions, insight about the consequences is useful.  
The key driver of these investments is a risk averse policy, which aims to reduce the number 
of fatalities and damage. However, it is clear that the budgets for these investments are not 
infinite. Therefore, the implicit value of a human life is finite. The costs of loss of life can also 
be expressed as an economic loss. In addition to decisions with regard to the acceptable 
numbers of casualties per year or group of casualties per year, a cost-benefit analysis can be 
used to verify whether investments are effective with regard to prevention of loss of life or 
that investments are done for symbolic measures.  
Investments in emergency preparedness will not reduce the consequences to zero, 
investments in emergency preparedness is done so authorities can maximize the use of 
available means given the available time to be able to implement some measures in case of a 
threat. Based on a cost-benefit approach, the need to invest in or choose different measures 
can be defined using an economic approach. The costs are the required investments of the 
measures, and the benefits are the reductions in the flood risk. Different competing strategies 
or measures can be compared in a rational approach. This analysis can be performed to 
compare strategies; however, it is not a given that the optimal solution based on a cost-
benefit analysis will be used by decision makers. Therefore, non-economic reasons to invest 
in emergency management are also discussed. 
 
REFERENCE 
This section is based on ‘Optimal investment in emergency management in a multiple layer flood risk 
framework’ as published in Disasters in ‘Floods: From Risk to Opportunity’ (IAHS Publication 357) 
(Kolen and Kok 2011). 
 
Section 8.2 is based on a conference paper developed for the Flood Risk 2012 Conference ‘An 
economical optimal investment strategy in a multiple layer flood risk approach’ (Kolen and Kok 2012). 
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8.1 Cost-benefit approach to flood risk management: an 
introduction 
 
Flood risk is defined as the product of the probability of flooding and the consequences of 
flooding. The consequences are often expressed as the economic costs and loss of life. Both 
indicators are important and are to be considered when discussing acceptable (or tolerable) 
risk or decisions to evacuate. The consequences of a flood depend on the characteristics of 
natural phenomenon, the demographics and the economic activity of the exposed area and 
emergency measures.  
 
Flood risk management is mainly relevant in areas with some type of man-made value. A flood 
is considered an (often low-frequency) event that results in the disturbance of ‘normal’ life in 
an existing system and that causes damage. There are systems where floods can be beneficial 
(for example, in large agricultural systems, where the growth of the crops is dependent of 
fertile soils that require frequent flooding). In this thesis, it is considered the areas where 
people live and work (for example, urban areas). In other words, a flood is considered to be a 
crisis based on the commonly used definition: ‘a serious threat to the basic structures or the 
fundamental values and norms of a system, which under time pressure and highly uncertain 
circumstances necessitates making vital decisions’ (Rosenthal et al. 1989). Hence, emergency 
services are therefore part of the system. These services are often focused on incidents and 
small disasters, such as fires in buildings, car accidents, etc. In the case of floods, these 
services can be used to mitigate the impact of a flood. 
 
Based on a cost-benefit approach, the need to invest or decide for measures can be defined. 
The costs refer to the investments required by the measures, and the benefits correspond to 
the reduction in the flood risk. The probability of a flood event can be reduced by 
strengthening levees (in the prevention layer). The consequences can also be influenced 
positively or negatively by human actions. Movable goods, people and animals can move to 
places outside the exposed area (Vrijling 2009) in the case when there is a reliable flood 
warning and enough time is available. Moreover, these can be moved to relatively safe places 
inside the exposed area. In addition, measures can also contribute to other objectives. For 
example, a dike can be used for multiple forms of land use and firemen can also be used for 
other purposes than flood risk management. The cost-benefit method results in an optimal 
(investment) strategy that can be applied in deltas worldwide. A cost-benefit analysis can be 
used to assess the optimal: 
 Investment strategy for flood risk management in a multiple layer approach (section 9); 
 Optimal decision making in the case of a threat (section 10).  
(Sunstein 2002) states that quantitative analysis of the risks is indispensable to a genuine 
deliberative democracy. This analysis can be conducted to compare different (competing) 
strategies. Different competing strategies or measures can be compared in a rational approach 
(which may be risk-seeking or risk averse) based on the benefits and the costs for every 
alternative, see (Benjamin and Cornell 1970).Therefore, it is discussed the use of the statistical 
value for the loss of life and some non-economic criteria that justify investments in a multiple 
layer safety approach. 
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8.2 Non-economic reasons for emergency preparation to 
reduce the loss of life 
 
Emergency planning, training and exercise, research and education are low cost measures 
compared to level reinforcements or elevation of build-up areas because these do not require 
investments in physical infrastructure, the main costs are the time of the involved people. 
Section 9 describes the optimisation of investments in a multiple layer safety system 
consisting of the layers ‘prevention’, ‘land use planning’ and ‘emergency management’. In this 
section it is shown that limited investment in emergency management to reduce loss of life is 
part of the optimal mix of measures in an economic approach for dike ring areas as in the 
Netherlands. The main investments however are done in levees to prevent flooding. Earlier 
research concluded that for the Netherlands, the flood defence strategy (prevention) cannot 
be replaced by measures in other links of the chain, but more pro-active measures and 
additional efforts on preparation, response and recovery can be added to the policy to further 
reduce the flood risk (ten Brinke et al. 2008b). However, because of the limited contribution to 
risk reduction of emergency management and uncertainties, the explicit involvement of new 
organisation involved to meet the acceptable risk (as emergency services) the need for 
investments in (the organisation of) emergency management to reduce loss of life can be 
questioned, especially when budgets are limited.  
 
A wider perspective is needed to consider the need for the layer ‘emergency management’ as 
a layer next to prevention. In democratic societies, authorities also prepare themselves to 
show that they have prepared to take measures in case of a crisis (Boin et al. 2005). Even 
when it is clear that not all the consequences can be prevented measures, using the available 
information, knowledge, resources and infrastructure, can be taken by the government. These 
measures are for example attempts to improve flood defences with sand bags as well as 
measures to mitigate the consequences (e.g., evacuation) and inform the public. A survey 
conducted in 2009 in the area of Zealand (which faced a flood in 1953 with approximately 1800 
casualties) showed that the majority of the public expects the government to invest in 
disaster management and risk communication. Only 5% stated that these investments were 
not important and the entire budget should be invested in prevention (Terpstra 2009). 
Research (Gutteling et al. 2010), supported with surveys of citizens during a period with a 
temporary increase in the attention to flooding in the Netherlands (Baan et al. 2009), 
concluded that fear and panic by the public after communication about flood risk is a myth.  
A survey among Dutch mayors and crisis managers (top advisors of the majors) showed that 
the accountability is also one of the key drivers of emergency preparation (Kolen and Helsloot 
2012a). When only the incentive to show that ‘we are prepared’ is used as a driver for 
emergency preparation the availability of an emergency plan is enough. Adaptive evacuation 
planning however also takes the consequences and uncertainties into account and relates 
them to earlier defined criteria or requirements. 
 
 
8.3 Land use planning in perspective 
 
Efficient investments in infrastructure, such as levees, will be implemented for a long period 
of time before reinforcement is necessary because of climate chance (for example 50 years). 
As for emergency management, land use planning measures can also be justified when the 
costs are less than the benefits. Additionally, combination with other purposes of land use 
planning (living, business, tourism, ecology, etc.) could create opportunities to minimise the 
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costs, although this increases the complexity of these land use planning and development 
processes.  
 
Land use planning, and especially (re)developments of urban areas, is a (more or less) 
continuous activity. Each year, measures are taken to develop or reconstruct areas that might 
influence flood risk. The moment of reconstruction can also be used for additional measures 
to reduce flood risk. This requires a mechanism that can handle these questions. This 
mechanism has to be able to define criteria or standards (related to the required level for 
flood risk), architects and land use planners have to take these criteria into account while 
developments are also made for other purposes. Recent policies (as (IenM 2012)) about land 
use planning focus on decentralisation. Most developments are made on a local scale, and 
therefore permits or building codes are also given on the local level. The entire mechanism to 
cope with the flood risk and land use planning requires significant numbers of people to be 
able to implement the physical measures. The costs of the management of this mechanism 
might exceed the available budget when regulation is overly complex.  
 
In addition, the policy for land use planning has to be applied for multiple years to become 
effective (note that the frequency of a flood is less than 1/1000 per year in the Netherlands 
when the levees meet the requirements as set by law). It can be questioned whether the 
structure for land use planning will remain in place that long. During the aftermath of the 
flood event Xynthia in France, it was shown that zoning policy failed over time because local 
decision makers acceptable development in high-risk areas (while risk perception reduced) for 
the economic development of local communities (Kolen et al. 2010b).  
 
 
8.4 Loss of life in cost-benefit analyses  
 
In a cost-benefit analysis, the cost of loss of life is expressed as an economic loss. In addition 
to decisions with regard to the acceptable numbers of casualties per year or group of 
casualties per year, a cost-benefit can be used to verify whether investments are effective 
with regard to the prevention of loss of life. 
 
The valuation of human life is sometimes addressed as unethical because a life is worth much 
more than its economic value, hence life is invaluable. Reality shows that several measures in 
the field of emergency management are taken to reduce the risk for loss of life; examples are 
planning, exercises, communication and information systems. The key driver for these 
investments is a risk-averse policy that aims to reduce the numbers of fatalities. However, it is 
clear that budgets for these investments are not infinite. Therefore, the implicit value of a 
human life is finite. Investments in emergency management are made based on implicit trade-
offs between the reduction of the risk for loss of life and the costs of these measures. The 
relationship between the costs of measures and the benefits of them feeds discussions about 
the need for these measures. Therefore, the use of a value for loss of life in quantitative cost-
benefit analyses can offer insights into the effectiveness and costs of these measures.  
 
The value of a human life is much more than its economic value. However, it also has an 
economic value (Jongejan et al. 2005). Several fields of expertise relate decisions to the cost of 
loss of life (Vrijling and Gelder 2000). (Viscusie and Aldy 2003) provides a literature review 
about the trade-off between money and fatality risks and discusses the use of the value of 
statistical life for policy decisions in the field of safety. Different values of statistical life are 
used in different countries as the US, Canada but also for example India.  
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It is shown that sometimes the value of statistical life is used implicitly, but examples are also 
provided of when this value is taken explicitly into account in policy guidelines in several 
countries. Other examples for the use of the statistical value for the loss of life are in the field 
of traffic management the monetary valuation of the prevention of a road crash fatality is 
defined for many countries (Rosebud 2004). In the health sector, for example, a benchmark is 
defined for a life in the UK (HSE 2011).  
 
For the Netherlands, the use of the economic value for the loss of life is accepted to define 
the optimal levels of flood defences (De Bruijn et al. 2010; Kind 2011; Klijn et al. 2011) also 
policy documents explicit mention that an acceptable flood risk should take into account loss 
of (Deltacommissie 2008; IenM 2011). The economic value for statistical life in the Netherlands 
for flooding is defined by (Bočkarjova et al. 2010), this research describes the results of 
interviews to define the statistical value of life based on the ‘willingness to pay’ to prevent 
the loss of a person’s life. 
 
 
8.5 Concluding remarks with regard to the acceptable level of 
risk 
 
The design of a multiple layer system as well as the moment to call for an evacuation is a 
political decision that includes values. Decision makers compare different values, including the 
costs and benefits, and weighed them.  
 
This chapter also shows that there are non-economic objectives that support investments in 
emergency management. Expectations of the public about how their leaders will respond in 
the case of a crisis and expectations of decision makers about their role also require attention 
for emergency management. Therefore, it is recommended to give explicit attention to 
emergency management (and define the results in for example an evacuation fraction) even 
when the reduction of the risk is marginal and when only a limited budget is available using a 
marginal cost approach.  
 
(Jongejan 2008) states that no scientist can claim to possess the knowledge about the risks 
that are acceptable for all, but this is also no basis for mindless relativism. The economical 
approach in this thesis offers information for decision makers to make trade-offs between 
different criteria using their values and to have a debate about this trade-offs. It is 
recommended to have frequent debates about the development of (results-driven) criteria or 
safety standards and design levels based on the acceptable risk (and damage) for each layer 
in a multy layer approach. The debate can contribute to the trade-off that has to be made by 
decision makers and the understanding of all stakeholders about the response of the 
authorities after an early warning, evacuation or flood. 
 
An economic approach for planning and decision making contributes to connect emergency 
planning documents. The effectiveness of the planning documents and decisions in terms of 
prevented loss of life, damage or the number of people that can evacuate has to be known. 
This effectiveness depends on features such as early warning systems, the time needed for 
decision making, the road capacity, citizens’ response etc. An economic approach forces 
emergency managers to define the results in terms of loss of life, the number of people and 
the amount of damage. 
  
 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 141 
9 System design: An economically 
optimal investment strategy for a 
multiple layer flood risk approach 
 
 
Abstract 
This section focuses on the design of a flood risk management system. Flood risk is defined 
as the combination of the probability and the consequences of flooding. Flood risk reduction 
can be obtained in many ways and by many measures. Measures can be categorised over 
layers or lines of defense. An example of the Netherlands is used to distinguish the layers of 
prevention (reduction of the probability of flooding), land use planning and emergency 
management (both to reduce the consequences of a flood). This design of the system will 
result in requirements (for example, spread over the several layers) to maintain the risk at 
an acceptable level.  
An important question is how to select the measures among these layers and whether it is 
necessary to select measures in all three layers. In this section, an economic approach is 
followed: the selection of measures is guided by minimizing the total costs for a society. The 
total costs are the present value of the sum of the risk and the needed investments to 
maintain the risk. The method is applied in the Dutch context. It can be concluded that in 
the Dutch context, the main part of the investments is flood prevention, but it is often also 
optimal to invest (in our examples for the western part of the Netherlands < 1% of the total 
costs) in improvements to the organization of emergency management. Measures with regard 
to land use planning for dike ring areas do not seem to be cost effective. The maintenance 
(inspection and repair) can be costly for specific measures, and the risk of failure of these 
measures over time has to be taken into account, such as, for example, land zoning policy. 
As a general rule, the results of the method show that the smaller the optimal flooding 
probability is, the smaller the investment in the emergency management or land use 
planning. Investment in physical measures to reduce the consequences in an area (land use 
planning, emergency personnel and road capacity) is less cost effective. Because the costs to 
improve the organisation of emergency management (using the available resources and 
infrastructure) are relatively small and some loss of life can be prevented, these measures 
are also cost effective even when the optimal probability of flooding is small.  
 
REFERENCE  
This section is based on ‘Optimal investment in emergency management in a multiple layer flood risk 
framework’ as published in Disasters in ‘Floods: From Risk to Opportunity (IAHS Publication 357) 
(Kolen and Kok 2011)’ and on the conference paper ‘An economical optimal investment strategy in a 
multiple layer flood risk approach’ for Flood risk 2012 (Kolen and Kok 2012). 
 
 
9.1 Introduction 
 
Different approaches for flood risk management have been adopted in various parts of the 
world. Coastal floods from storm surges threaten countries around the North Sea in North 
Western Europe. A detailed review of coastal management policies in the North Sea area 
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(Safecoast 2008) showed that most countries mainly rely on protection against flooding by 
means of defences and nourishment, whereas the UK takes a more holistic approach to 
manage the flood risks. In other parts of the world, tropical depressions (also referred to as 
hurricanes, typhoons or cyclones) can lead to significant coastal flooding. For example, in the 
coastal regions in the US, the risks of these events are managed by a combination of hard 
defences (e.g., the levees in New Orleans), flood insurance and warning, evacuation and 
emergency management (Pilkey 2005). Other parts of the world, e.g., Bangladesh, have a lower 
level of protection from physical flood defences, and warnings, shelter and evacuation are key 
factors in reducing the loss of life (Chowdhury 1993). An important element in coastal 
planning and policy in various parts of the world concerns the assessment of the effects of 
climate change and sea level rise on the flood risks and vulnerability (Nicholls et al. 2011). 
 
A flood risk management strategy can consist of measures which can be categorised in 
multiple layers as prevention with levees, land use planning, building codes, insurance and 
emergency management. A multiple layer safety approach, such as that followed in the 
Netherlands, consists of three layers: 1) prevention 2) land use planning and 3) emergency 
management (VenW 2009b). For the US (see, for example, (Lopez 2006)) and for Canada (see, 
for example, (Council 2008)), similar approaches are referred to as ‘multiple lines of defence’. 
The concept of multiple layer safety distinguishes the probability of flooding as well as the 
consequences. Therefore, the risk as the probability x consequences is the central element, 
and such an approach can be used to evaluate flood risk management (ten Brinke et al. 
2008a). 
 
Although investments in each layer can contribute to flood risk reduction, it is not clear what 
the optimal mix of investments is in an exposed area, from a cost-benefit point of view.  
 
It can be questioned whether investments in multiple layers have to be made from an 
economical perspective. A safety chain or multiple layer safety system should not be 
interpreted as a serial system: the safety chain or different layers are not as weak as the 
weakest link (Jongejan and Vrijling 2006). Research by (Vrijling 2009) shows that if a multiple 
layer system is considered as a parallel system consisting of layers; the layer with the lowest 
marginal costs is applied, and the other is omitted. However, in the method of Vrijling, the 
benefits of land use planning and emergency management are modelled as a reduction of the 
probability of flooding. In this chapter these benefits of land use planning and emergency 
management are described in the method as a reduction of the consequences of flooding, 
which seems more appropriate.  
 
 
9.2 Method to select cost effective measures 
 
This chapter describes a cost-benefit method to optimise investments in a flood risk 
management strategy based on a cost-benefit approach in a multiple layer system. The costs 
are the required investments of the measures, and the benefits are the reduction of the flood 
risk. This chapter focuses on a 3 categories of measures (3 layers) system: flood prevention 
(reducing the probability of flooding), land use planning and emergency management (both 
reducing the consequences of a flood). The key question is how much investment is justified 
in each layer in an optimal investment strategy. The method is applied to an area with a 
relatively high economic value and one with a relatively low economic value. The cost-benefit 
method results in an optimal investment strategy that can be applied in deltas worldwide.  
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Three types of measures are considered to keep the model as simple as possible. The first 
type of measure improves flood defences and reduces the probability of flooding. The second 
measure involves investments in emergency resources and road infrastructure or buildings. 
The third type of measure improves the quality of the emergency services through better 
organisation (by investment in planning, knowledge, etc.). The second and third groups of 
investments reduce the consequences of a flood. Of course, many more types of measures or 
more detailed descriptions can be defined, but this will make the analysis more complex.  
 
 
9.3 Description of the reference situation 
 
In a one layer approach of prevention as suggested by Vrijling, no attention is given to 
emergency management or land use planning with regard to flooding. In case of a flood event 
existing emergency services will respond based on their normal emergency structures and 
their understanding of the situation. Also citizens will act based on their local expertise and 
perception of the risk (Helsloot and Ruitenberg 2004).  
 
For the Dutch situation a flood is considered to be a national crisis because of the impact of 
the event and the involvement of many stakeholders. This means that many stakeholders as 
Waterboards, safety regions, emergency services, traffic centers and national and regional 
crisis centers have to work together in an uncommon, never or less experienced, situation. 
The impact on the society will be enormous, and large areas will flood for multiple weeks or 
months. Even when buildings are elevated, economic and social processes will stop and 
damage will occur (people who cannot go to school, businesses can go bankrupt, etc.).  
 
In the reference situation delta areas are protected by levees, the delta areas are developed 
without additional attention or additional budget plan or develop to reduce the consequences 
of a flood in land use planning and emergency management. However traffic centers, 
emergency services and emergency structures exist and are designed for regular conditions 
and frequent disasters.  
 
 
9.4 Composition of multiple layer safety strategies 
 
 
9.4.1 Prevention (layer 1) 
 
The probabilities of flooding can be reduced by strengthening flood defences, see (Vrijling 
2009). The costs depend on the initial costs, the local circumstances (geographical but also 
because of structures or houses), the required increase in strength and the length of dikes. 
 
 
9.4.2 Land use planning (layer 2) 
 
In the reference situation delta areas are already developed. These areas already contain for 
example housing, businesses, tourism and agricultural land. Existing developments will be 
maintained and reconstructed after time, and new areas will be developed due to economic 
growth.  
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Within a delta area, frequent local developments are initiated and financed by authorities and 
the businesses of private home owners. During these developments flood risk can be reduced 
by additional measures to normal developments. These measures can influence on the direct 
damage to the buildings and indirect damage to economic processes. Direct damages can be 
prevented by construction measures; indirect costs to the economy are more difficult to 
prevent because these depend on the agricultural land as well as logistic processes, how 
markets still work and the availability of personnel to continue business processes. Note that 
the presented available budget as shown in the examples is a one-time investment and not a 
yearly investment. 
 
The scale of measures related to land use planning (a house, new neighbourhood, etc.) are in 
many cases smaller than the area protected by flood defences. Although each land use 
measure only influences a part of a protected delta area, these measures are taken almost 
continuously within the delta area. Flood protection (or emergency planning) that reduces the 
risk in the entire area had different timelines of investment. Once an investment is made in a 
levee, it is expected to offer safety for a period of multiple dozens of years in many cases.  
The land use planning costs depend on the physical measures and maintenance (RWS 2008). 
The cost also depends on the personnel involved in the design, legislation, construction etc. 
When projects get smaller, these personnel costs will increase because procedures to fulfil the 
requirements have to be performed in each project. 
 
The strategy which focuses on land use planning into takes a long period into account in 
which the risk can be reduced by several new developments and reconstructions. Because of 
this long period, multiple land use projects will have been realised which contain measures 
(and investments) to reduce the consequences which should not be taken in the reference 
situation.  
 
 
9.4.3 Emergency management (layer 3) 
 
A mass response of authorities and measures by rescue workers can create better and worse 
circumstances to prevent loss of life in the case of large-scale flooding (Kolen et al. 2010a; 
Haynes et al. 2009b). The theory of Distributed Decision Making (defined as the design and 
coordination of connected decisions (Schneeweiss 2003)) describes the optimisation of 
multiple decisions and multiple organisations. The theory can be used to describe the 
complexity (or impossibility) for a central body to control a society because the tasks are 
differentiated over several bodies. The connection between decisions of several authorities 
becomes more relevant when more stakeholders are involved. Then, stakeholders makes 
decisions in such a way that they do not (or less) conflict with their own decisions. The 
measures in the strategy emergency management can be divided in two types: 
1. Improvements of the organisation of emergency management (preparation); 
2. Additional resources, emergency personnel and available traffic infrastructure. 
 
Organisation of emergency management 
The strategy that focuses on emergency management takes a reduction of the consequences 
into account because of additional investments compared to the reference strategy. The 
improvements (e.g., better use of knowledge, planning, training and risk perception) of the 
organisation of emergency management result in better overall decisions and possibly better 
use of knowledge of uncertainties. Decision makers and crisis managers can conduct 
emergency measures and to facilitate citizen response to increase effectiveness of evacuation. 
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These measures can be taken in the period between the first warnings and the moment when 
all stakeholders will act based on their own perception of the risk. This period is called the 
‘transition phase’ (Kolen et al. 2010a), see also section 3. Examples of measures include the 
following compared to the reference situation: 
 Better use of early warnings for decision making; 
 An earlier implementation of national traffic management by traffic management 
services; 
 A more effective line of communication and instruction to the public and rescue services 
when multiple stakeholders are involved; 
 A risk-based approach so select priorities.  
Investments in the organisation can result in a reduction in the loss of life because of the 
better use of available rescue services, means and infrastructure. These investments are 
relatively cheap because they are mainly related to the development and maintenance of 
knowledge about the organisation (for example, making decisions together and the use of 
available resources and infrastructure). It is not possible to reduce the risk for loss of life to 
zero because of limited infrastructure, resources and unexpected events, and further 
improvement becomes difficult because all means are optimally used (Kolen and Helsloot 
2012b). 
 
Increase of the available resources, emergency personnel and traffic infrastructure 
Examples of this type of measure are the increase of the capacity of physical infrastructure 
(such as road capacity) and investments in extra ambulances, fire trucks and personnel. The 
available resources and infrastructure are, in the actual (and reference) situation, overloaded 
by far in the case of a mass evacuation (ten Brinke et al. 2010; AGS 2008; Kolen and Helsloot 
2012b). Investments in these measures will increase the already existing capacity (designed 
for other purposes then flood risk). For example, the resources of emergency services are 
based on a one in five to ten year emergency event, a far higher frequency than the frequency 
of a flood (AGS 2008). 
 
Mathematical description of a multiple layer safety system 
The optimisation model is well known in the literature, and it has for example been applied in 
(Vrijling 2009; Dantzig 1956). However, a few changes are adopted in the model, which are 
explained in this paragraph.  
The probability of flooding is modelled by the annual probability of exceedance of the crest 
level h  of the dike as given by an exponential distribution with parameter A andB :  
   1 h ABP h F h e     [1] 
The consequences of flooding in the reference situation are modelled as the economic damage 
0D (for example, damage to houses, infrastructure, etc.) and loss of life 0s  (number of 
victims). To perform the cost-benefit analyses, each victim is economically valued as V . For 
the sake of simplicity, it is assumed that the damage is not influenced by the strength of the 
flood defences. The risk of flooding R  is defined as the probability of flooding multiplied by 
the consequences of a flood: 
 0 0. .
h A
BR e D V s
   [2] 
The risk is calculated per year, and in a cost-benefit analysis, the yearly risk is summarized. 
The present value is calculated over an infinite period with r  as the discount rate: 
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
   [3] 
The risk can be reduced by measures in the first layer (prevention) by a reduction of  P h  by 
increasing the height h  (and other strength variables) of the flood defence system. The 
required investment is defined as  1I h , and the investment is a function of the height of the 
levee system. The following investment function is assumed:  
   1 0.I h a b h h    (where 0h is the current height of the dikes and 0h h ) [4] 
In the model, emergency management and land use planning can cause a reduction of the 
loss of life, as indicated by the variables s  for loss of life and a reduction of economic 
damage D . The required investment for this reduction of the consequences is defined as the 
combination of the following: 
 Measures with regard to buildings (e.g., building codes, elevation of surface level, etc.) 
as G . 
 Measures to improve the organisation of emergency management and reduce time for 
decision making (e.g., planning, exercises, and coordination structures). The costs of 
these measures are yearly costs, defined by E .  
 More equipment, personnel and infrastructure regarding the flood risk and the 
investments are defined as F .  
The number of victims in the current situation is equal to 0s . The present value of the flood 
risk is a function of the parameter s and D . 
    
  0 00 0
1
( ) .( ) .
, , .
1
h A h A
B B
i
i
D D V s sD D V s s
PV h D s e e
rr
   

       [5] 
The total investment costs related to investment costs for emergency management and land 
use planning is:  
   2 0 0, .( ) .I D s c d D D e s s      [6] 
The total investments are defined as: 
         1 2 0 0 0, , , . .( ) .I h D s I h I D s a b h h c d D D e s s           [7] 
The total costs TC  are the combination of the total investment costs and the Present Value of 
the risk with three decision variables ,h D and s : 
 
            0 0 0 0 0( ) ., , , , . .( ) .h AB D D V s sTC h D s PV h s I h s e a b h h c d D D e s sr
             
 
[8]
 
Applying  , ,TC h D s  for different values of ,h D  and s (applying complete enumeration) 
gives the opportunity to compare these results with the one-layer optimisation approach as 
given by (Vrijling 2009).  
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In this case, the optimal probability is given as (substituting this solution in the optimal 
number of the reduction of loss life, it is obtained that * *0 0 and D s  ): 
 *
0 0
. .
( . )
b B r
P h
D V s
   [9] 
In a thought experiment when prevention is the most effective layer and suppose that *h is 
the optimal height (see equation 9), the Present Value of the yearly risk, which takes the 
probability of flooding into account, gives an upper limit of the acceptable cost (investment 
and maintenance) for emergency management and land use planning. If all measures in layer 
2 (land use planning) and layer 3 (emergency management) are more costly than the upper 
limit, it can be concluded that all investments should be spent on layer 1 (prevention). 
However, if the costs of one measure in layer 2 or layer 3 are less than the PV of the costs, 
then it is efficient to take measures in layers 2 or 3. Hence, in our approach, the crucial 
question is whether the measures are cost effective. An investment can economically be 
justified when (given the optimal value of *h , the values *s and *D ): 
   * * * * *0 0 0 0( .( ) ( )) / .( ) .P h V s s D D r c d D D e s s         [10] 
Because the probability of flooding is never equal to zero, this means that some emergency or 
land use planning measures can be justified if the PV of the costs is less than the PV of the 
reduction in the yearly risk. However still other measures can reduce the risk more given the 
same budget, if that is the case these measures are more efficient. Note also that the 
maximum allowable costs for these measures decrease with the flooding probability. 
 
 
9.5 Numerical examples for the Netherlands 
 
 
9.5.1 Introduction of examples and costs of prevention 
 
In this chapter, three examples are applied in the Dutch context. The first example focuses on 
a reduction of only the loss of life by investments in the organisation of emergency 
management and in additional emergency capacity and physical road infrastructure (strategy 
A). The second example focuses on investments in land use planning to reduce the 
consequences of flooding (strategy B). The third example focuses on the combination of 
prevention, land use planning and emergency management (strategy C).  
 
The following numerical values are chosen for the parameters (partly based on (Vrijling 2009; 
Dantzig 1956)), which are applied to one particular dike ring area (14) in the Netherlands, this 
dike ring contains cites as The Hague, Delft, Leiden, large parts of Rotterdam and Amsterdam 
and also the national Airport Schiphol. The economic value for the loss of life is based on 
recent research (Bo karjova et al. 2010), and it is also applied in discussions about new 
safety standards in the Netherlands (De Bruijn et al. 2010): 
B  = 0, 301 b = 40 M €/m V = 6,7 M€ A = 2,329 
0s = 1000 persons 0h = 2.3 m a = 110 M€ r = 1.5 % 
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Two different possible areas are taken into account: An area with a high economic value 0D = 
24,000 M€, and an area with a low economic value 0D = 5,000 M€.  
 
 
9.5.2 Strategy A: prevention and emergency management 
 
Figure 31 shows the relationship between the costs and benefits (including the optimum) in a 
one-layer approach for these areas and presents the differences when the economic value for 
the loss of life is taken into account. In a multiple layer approach, the loss of life can be 
reduced by emergency management. Figure 31 shows the maximum result when loss of life is 
not taken into account. This figure illustrates that measures that reduce the loss of life have 
(in general) more potential in a low value area than in a high value area because the optimal 
flooding probability is higher in low value areas compared with high value areas.  
 
 
Figure 31: Contribution of loss of life for Total Costs (TC) for an area with high economic value and an area 
with low economic value 
Few studies are available on the costs and benefits of organisation of emergency 
management. The method EvacuAid (Kolen et al. 2010a) (see also section 12) is used to define 
the effectiveness of preventive evacuation and the relationship with improvements in 
emergency management. The expected number of people that can evacuate preventively is at 
this moment estimated at 15% for dike ring 14 in the Netherlands (Maaskant et al. 2009). 
Improvements in the organisation in emergency management can be determined on a scale of 
1 to 5 (with level 3 as the current situation, level 1 as the best-case and level 2 as a 
significant improvement) for the combination of the citizen response, decision making and the 
use of the physical infrastructure.  
Improvements in the process of decision making also reduce the necessary time for decision 
making. A better understanding of the risk reduces the time needed for coordination, and 
measures can be implemented more quickly. Table 22 presents the conditional probabilities of 
the available time that is used in the current situation and after investments in the 
organisation of emergency management. Because of extreme wind speeds along the coast 
before a possible dike breach (ten Brinke et al. 2010) and uncertainty during evacuation 
because of the extreme wind speed, it is assumed that no measures can be executed during 
the day before the expected moment of dike failure. Table 22 presents the consequences of 
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the evacuation fraction after investment in the organisation of emergency management. Two 
different objectives are considered: a situation with significant improvement (level 2 in 
EvacuAid) and the best-case situation (level 1 in EvacuAid). 
 
Table 22: Evacuation fraction related to improvements in preparation 
 Conditional probability for 
the available time for the 
current situation 
(Maaskant et al. 2009) 
Conditional probability of 
the available time after 
improvement to scale 2 
Conditional probability of 
the available time after 
improvement to scale 1 
(best-case) 
4 days 5% 10% 12.5%
3 days 10% 15% 25%
2 days 30% 35% 37.5%
1 days 45% 30% 20%
No time 10% 10% 5%
Evacuation Fraction 15% 29% 39%
 
The costs to increase the number of rescue workers, resources and infrastructure ( F ) are 
relatively high compared the costs for the organisation for emergency management (E ). The 
PV of the yearly expected loss of life risk indicates that high investments do not seem cost 
effective; therefore, most attention is paid to E . In our model, using the above analyses, it is 
assumed that c is 0 €because no initial costs are taken into account (emergency services 
already exists). d  is the combination of costs E (better use of available personnel and 
equipment) and F  to increase the number of personnel, equipment and road capacity. The 
effectiveness of these investments in terms of the reduction of loss of life is uncertain. In the 
period 2007-2008, the Task Force Management Flooding (TMO) invested 15.7 M€ to invest in 
preparation for flooding (research, workshops, planning, communication and large-scale 
exercises) and several improvements (TMO, 2009). The additional cost of the development of a 
regional emergency planning for flooding (Dike ring area 22) is estimated at 0.1 M€ (Stone, 
2011). Note that it is assumed that the available personnel are used for this purpose. TMO also 
state that further improvements are possible and necessary. The costs of the national exercise 
Waterproef in 2008 were set at 1.5 M€ (of which approximately 0.7 M€ were used for a risk 
campaign). During these exercises, some general procedures were tested (for all types of 
threats) as well as some specific elements for flooding. The costs of the next national exercise 
for flooding in 2012 are estimated at approximately 0.9 M€. Assuming that the average budget 
for a national exercise is approximately 0.8 M€ and that these exercises are held every 4 years 
(as the exercise Waterproef in 2008 and SMO exercise in 2012), 50% of the budget can be 
related to flooding and spread over 25 Safetyregions, resulting in budget of approximately 
4,000 € per year per Safetyregion (equal to a contact value of approximately 0.25 M€. Again, 
the costs of personnel are not taken into account because the people are already part of the 
reference situation and general lessons of crisis management learned are also relevant for 
other types of disasters. 
 
Literature (Jonkman and Vrijling 2008; Jonkman 2007) shows that a first estimation of the 
mortality rates for coastal areas is approximately 1%. An analysis of dike ring 14 (Jonkman 
2007) shows that mortality rates can decrease up to 0.1% by taking measures. The mortality 
rates in EvacuAid are related to the different locations where people may lose their life during 
a flood event, including traffic accidents, exposure while at home (prepared or not), in a 
shelter, or in a car (Kolen et al. 2010a). These figures are based on (Jonkman 2007; Jonkman et 
al. 2009).  
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A better organisation of emergency management (preparation) which is able to create a more 
effective evacuation mode is also expected to result in a reduction of the mortality rates. 
Using an adaptive approach for evacuation planning a preventive evacuation can be combined 
with vertical evacuation or shelters in place. A large group of people can find a relatively safe 
place inside the flood zone compared to a location where they are exposed to the 
consequences of a flood during evacuation. In this analysis it is assumed that the mortality 
rates decreases by a factor 2. This factor 2 is based on a comparison between loss of life in 
case of preventive evacuation and vertical evacuation for dikering 14 in section 12.3 (see also 
Figure 42).  
 
Even in a best-case situation, a 100% evacuation is not realistic; therefore, the number of 
casualties cannot be reduced to zero. Because of unexpected events (no lead time), 
noncompliance of people and unforeseen events such as car accidents, the risk will never be 
reduced to zero. Increase in capacities of resources and traffic-infrastructure will therefore 
never remove the risk. As a consequence, a risk for loss of life will always remain. The cost-
benefit function therefore does not apply to a complete reduction of casualties. The costs will 
increase dramatically and therefore become less economically attractive. The following 
relationship is used between investments in the organisation of emergency management and 
in physical measures and reduction of loss of life: 
 An investment of 0.35 M€ in planning and exercises will increase the effectiveness of 
evacuation by 15% (scale 2 in EvacuAid), combined with a better citizens’ response 
because it is also assumed that loss of life will decrease by 15% (150 persons);  
 An investment of another 0,35 M€ will decrease the loss of life by another 100 persons 
(10%); 
 The investment of another 1 M€ will result in the maximum preparedness, the 
effectiveness of improvements in the organisation of emergency management is not 
expected to increase significant any more when more is invested. This investment will 
result in another reduction of 100 casualties; 
 Additional emergency personnel, equipment and road capacity will only result in less 
loss of life when the increase is significant for the existing capacities. For simplicity, it is 
assumed that the costs for each additional reduction in the loss of life of 50 persons 
will increase the costs by a factor 10. 
No additional investments are made in buildings to reduce the flood risk; therefore, 0 and G D  
are equal to zero. The costs c and e and benefits s  are assumed to be equal for the areas 
with high and low economic value. 
presents  *P h for a multiple layer approach in the method and  *P h using the one-layer 
approach model of (Vrijling 2009). The lowest marginal costs are a combination of the layers of 
prevention and the organisation of emergency management. The contribution of the 
investments in the layer ‘emergency management’ is the greatest for an area with lower 
economic value. This was already expected, as seen in Figure 31. The required investments in 
emergency management are improvements of the existing organisation (instead of increase of 
costs because of an increase in emergency personnel and equipment). The investments in 
land use planning (in the example additional road capacity) are not cost effective in the 
example shown.  
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Table 23: Optimal level of prevention in one- and multiple layer safety approaches that focus on reducing loss 
of life (Strategy A) 
 One layer approach (Vrijling 2009) Multiple layer safety approach with regard 
to loss of life 
 High value area Low value area High value area Low value area
 *P h  Per year 5.96E-06 1.56 E-05 6.59 E -06 2.11 E-05 
h  In m 5.95 m 5.66 m 5.94 m 5.62 m 
s  persons 0 0 150 250 ,TC h s  In M€ 268.18 256.59 268.15 255.43 
 
Table 24 presents the costs given the levels of h  and s  for the urban area. It is shown that 
for a given level of h , an investment in the organisation of emergency management can 
reduce the total costs. In the chosen example, it can be seen that when h is 3.5 m, even 
investments in the physical measures in the layer of land use planning (additional road 
capacity) and additional emergency resources and personnel in the layer of emergency 
management contribute to the lowest total costs.  
For h = 6.0 m, investments in emergency management and prevention (but no investment in 
land use planning) results in the same total costs as when investments are only made in the 
layer of prevention: the reduction in the risk costs is equal to the costs of the measures. When 
h is relatively higher, the budget for investment in the organisation of emergency 
management with regard to the loss of life declines (with the present value for loss of life), 
but it will never be reduced to zero. Low cost measures in the field of emergency management 
which focus on the organisation (as planning, training and research and education) and not on 
additional personnel or investments in physical measures, or measures which are also 
financed for other reasons (as fire in buildings, extreme weather or crisis communication 
structures, etc.) are part of the mix of measures which results in de lowest marginal costs. 
This also applies for land use planning and construction of buildings. An example is a 
combination with soil pollution which requires earthwork to clean or to remove the polluted 
soil or to cover with clean soil. When the soil is removed the surface level is less resulting in a 
higher water depth in case of a flood, when the surface level is higher the damage and loss of 
life in case of a flood is less (STOWA 2012). Another example is earthwork needed for 
(re)developments, this earthwork can be combined with the creation of (local) safe havens 
(elevated areas) within a community. 
 
Table 24: Total costs in M€ for values of crest level h and reduction of loss of life s  
h 3.50 4.50 5.50 6.00 
s ↓  
0 4.20E+04 1.71E+03 2.92E+02 2.68E+02
150 4.06E+04 1.66E+03 2.91E+02 2.68E+02
250 3.97E+04 1.63E+03 2.90E+02 2.69E+02 
400 3.84E+04 1.59E+03 3.05E+02 2.84E+02
450 3.80E+04 1.73E+03 4.57E+02 4.37E+02
500 3.91E+04 3.24E+03 1.99E+03 1.97E+03
600 2.07E+05 1.72E+05 1.70E+05 1.70E+05
900 - - - -
 
 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
152 B. KOLEN  
9.5.3 Strategy B: Prevention and land use planning 
 
Land use planning and specific (structural) measures resulting in additional measures to or 
strengthen, reallocate and redesign buildings and infrastructure or protect them can reduce 
the economic damage after a flood. Based on the same reference situation as that used for 
loss of life, it is assumed that the damage can be reduced over time by land use planning and 
building codes resulting in a reduction of the damage by 25%. The reduction of the damage in 
an area by 25% is a chosen value to get insight in the possible consequences. The assumption 
of 25% is based on the contribution of all elements which cause economic damage in a polder 
area (agricultural land, housing, industry, economy etc.) (Kok et al. 2005). This reduction of 
the economic damage of 25% is a significant objective and therefore requires specific 
measures to reduce the consequences. However the reduction is an objective, therefore this 
paragraph also describes an additional comparison between land use planning and prevention 
to get insight in the realism of such an objective. The reduction of the damage D  is for the 
high value area 6,000 M€ and for the low value area 1,250 M€. A reduction of loss of life 
because of land use planning is not taken into account because the primary objective of is to 
reduce economic damage in case of a flood although measures can create better opportunities 
for shelter in place. 
Table 25 presents the optimal h based on the combination of investments in prevention and 
land use planning. Because of the investments in land use planning, the optimal dike level is 
reduced by 6 cm in the high value area and 3 cm in the low value area. The literature contains 
no information about the cost of the investments in land use planning and reduction of the 
consequences. However, the maximum available budget for cost effective measures can be 
defined. For the area with high economic value, the 25% reduction of damage has to be 
accomplished by an investment of 2.6 M  or less to be cost effective. For the low value area, 
the maximum available budget to reduce the consequences by 25% is 1.4 M . It is clear that 
the available budget with regard to the reduced flood risk as a result of land use planning is 
very low. It can be questioned whether this can be achieved. However, other reasons as 
ecology or nature may justify the choice to invest in land use planning as well. 
 
Table 25: Optimal level of prevention in a multiple layer safety approach that reduces the damage by 25% 
because of land use planning (strategy B) 
 High value area Low value area  *P h
 
Per year 7.28E-06 1.73E-05 
h  In m 5.89 m 5.63 m  , ,TC h D s
 
M€ 265.58 + investments for land use 
planning 
255.2 + investments for land use 
planning 
 
To get insight in the sensitivity of the assumption about the damage reduction of 25% an 
additional analysis has been performed. The reduction of the consequences and information to 
define the required investments have been defined using the instrument HIS-SSM (Kok et al. 
2005), which contains several functions to estimate the loss of life and damage based on the 
local circumstances in the case of a flood. Considering an upper limit all direct damage (all 
houses, developed areas, industry, infrastructure) to developed areas can be completely 
prevented by measures for land use planning. The damage to agricultural land, recreational 
areas, transport and communication, insurance and all indirect damages to economic 
processes are not influenced by these measures.  
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The costs of the required measures are related to the number of houses in the dike ring area. 
Each house has an economic value of € 250,000.-. This value is approximately the average 
economic value of a house in the Netherlands (Hypotheker 2012). The additional costs of these 
measures for land use planning compared to the reference strategy have been based on an 
expert session of (SBR 2008). This research estimated that measures to prevent outside 
floodwater to enter buildings (called dry proofing (MWH 2011)) or to construct houses in such 
a way that there is no (significant) damage when it floods (called wet proofing (MWH 2011)) 
are between 5.9-18.2% more expensive. The additional costs for partial elevation of 1 metre of 
the surface level are estimated between 1.33 % for 10% of the area, to 4.1% for 50% of the 
area and 8.2% for 100% of the area. For this analysis, it is assumed that the total investments 
to reduce the damage increases by 7.5% per house, the costs of houses rise with € 18,750.-. 
The total costs of investment for land use planning have been compared to the required 
budget to reduce the risk by a factor 10 by reinforcements of levees (Kind 2011). 
 
Table 26: Risk reduction by land use planning 
 
M
axim
um
 dam
age 
in billion 
 
Num
ber of houses 
(x 10,000) 
M
axim
um
 dam
age 
after land use 
m
easures in billion 
 
Additional costs for 
land use planning 
in m
illion
 
Risk reduction 
factor by land use 
planning 
Costs of levee 
reinforcem
ent in 
m
illion 
 
Risk reduction 
factor by levee 
reinforcem
ent 
Dike ring 16 44 8.0 9 (20 %) 1.5 4.9 0.8 10
Dike ring 22 17 4.7 2 (12%) 0.9 8.5 0.3 10
Dike ring 36 84 16.8 16 (19%) 3.1 5.3 0.3 10
Dike ring 43 56 12.0 10 (18%) 2.3 5.6 0.9 10
 
Table 26 shows the reduction of the risk and costs per dike ring area by land use planning and 
levee reinforcement for four Dutch dike rings. The costs for levee reinforcement are equal to a 
reinforcement that reduces the probability of flooding by a factor 10 (this factor indicates the 
reduction of the risk compared to the reference situation). This factor of 10 for the risk 
reduction cannot be reached by land use planning although the costs of land use planning are 
more than levee reinforcement. The upper limit of risk reduction by land use planning is a 
factor 8 and 9 related to the reference situation for the high developed area of dike ring 22 
and a factor of 5 and 6 for the other dike ring areas. Although the land use planning measures 
reduce the risk the investments in levee reinforcement are more cost effective. For the same 
budget the risk can be reduced more by prevention than by land use planning.  
Two remarks have to be made. First, other benefits (and costs) of land use planning besides 
flood risk are not taken into account. Second, land use planning with regard to specific objects 
with extremely high damage in case of a flood or which can offer protection to many people 
can be cost effective, examples can be nuclear power stations or specific objects in health 
care structures or banking, schools etc. Further research is recommended on this.  
 
 
9.5.4 Strategy C: Combination of prevention, land use planning and emergency 
management to reduce the risk 
 
In the examples given above, it is focused on a reduction of loss of life and a reduction of 
economic damage. Strategy A and B can also be combined using the same approach in 
strategy C. Table 27 shows the risk and total costs.  
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The economically optimal combination is a combination of layer 1 and layer 3. Layer 2 can be 
a part of the optimal mix when the damage reduction can be reached by a limited investment 
which is not considered to be realistic based on the examples in section 9.5.3. Although the 
optimal mix holds measures in layer 1 and 3 the majority of the investments are still foreseen 
in the layer of prevention. 
 
Table 27: Combination of all layers (strategy C) 
 Combination of example 1 and 2 
 High economical area Low economical area  *P h
 
Per year 7.78E-06 2.04E-05 
h  m 5.87 m 5.58 m 
s  persons 250 250 
 , ,TC h D s  M€ 265.44 + investments for land use planning 253.83 + investments for land use planning 
 
 
9.6 Concluding remarks 
 
This chapter describes a method to optimise investments in a multiple layer safety approach. 
The method shows that when the economic value of the protected area is limited (as an 
agricultural area), investments are more spread out over all layers. When the economic value 
of an area is more (because of urban developments) more investments will be made in the 
layer prevention b compared to the other layers, such as land use planning and emergency 
management. Investments that focus on physical measures (additional personnel, emergency 
equipment, elevation of surface level, adaptive building, etc.) have to reduce the 
consequences significantly because of the high costs. Investments in the organisation of 
emergency management (that focus on better use of infrastructure, emergency personnel and 
resources and citizen response that are already in place) by planning, training, education and 
research are relatively low cost and are therefore cost effective. 
 
The model shows that in the Dutch context, prevention is the most important layer for the 
already protected areas, but other layers such as emergency management can contribute to 
the lowest total costs. Specifically, when the probability of flooding is already relatively low 
(as in most developed delta areas), the contribution of emergency management is also 
relatively low. However, given the optimal safety level of the flood defence system, emergency 
measures will reduce the total costs. Measures in layer 2 can be part of the optimal mix, 
however this research also shows that only low cost measures with a high reduction of the 
consequences can be cost effective. A comparison after the costs and risk reduction achieved 
by land use planning and prevention showed that prevention is far more cost effective for risk 
reduction in dike ring areas. The optimal mix for measures for the Netherlands is therefore 
prevention and emergency management and maybe for some areas local land use planning 
measures.  
 
When budgets for investments are limited or when constraints apply as for example that an 
increase in the safety level is not possible the method can be used identify the economic 
most attractive measures.  
 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 155 
Flood risk can be influenced by land use planning. Land use planning and urban development 
is a more continuous and local process than prevention. Local developments happen almost 
each day while reinforcement of levees happens once a few decades. Land use planning as 
well as prevention and emergency management requires a mechanism that defines 
regulations, design and development, inspection and methods to cope with changing 
circumstances over time, etc. Such a mechanism requires investments as well because of the 
number of experts involved. History (as the Xynthia flood in France) also shows that zoning 
policies are not always applied without failure over time. Because of local interests, exceptions 
can and will be allowed with the result that over time developments are made in prohibited 
areas.  
 
More research is also recommended regarding the relationships between the costs and 
benefits of emergency management and land use planning. More research is recommended to 
understand the relationship between emergency management and reduction of damage in the 
case of a flood. The impact of emergency management is modelled to reduce the number of 
casualties. Emergency management might also reduce the damage after a flood (movable 
goods). This will increase the potential benefits for emergency management and therefore 
influence the combination of investments in emergency management and prevention.  
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10 Crisis management: Cost-benefit 
approach for decision making 
during a crisis 
 
 
Abstract 
This section focuses on the decision making process in the case of a crisis. After detection 
and recognition of a threat of flooding, decision makers and crisis managers are confronted 
by the pressure to implement measure. The final call for evacuation during the transition 
phase is the result of a chain of decisions. Decisions for evacuation have consequences in 
case of a flood but also when there is no flood. Positive consequences are the reduction of 
casualties and damages in case of a flood. Negative consequences are the disruption of 
economic and social systems and even loss of life because of evacuation. In the case of a 
threat-driven situation, the occurrence of a disaster is uncertain (as are the consequences). 
In this chapter, an approach is described to assess the minimal conditional probability of 
flooding to call for evacuation.  
A comparison is made between a deterministic approach and a probabilistic approach. The 
probabilistic approach takes uncertainties in forecasts and the consequences of decisions 
into account. The possibility for more or less extreme development of the threat is also taken 
into account. To support decision makers, so called ‘evacuation-iso-graphs’ are developed. 
These evacuation-iso-graphs depend on the local characteristics of an area and support 
decision making and emergency planning.  
The approach is illustrated by examples in the Netherlands, and criteria are defined for when 
to call for evacuation and other phases of evacuation (warning, transition phase). 
Additionally, the decision making process of the exercise Waterproef is compared to the 
expected decision with the approach. Lessons are defined with regard the added value of 
exercises. 
The approach is also used to evaluate crisis management structures. In case of a complex 
organisation with many parallel (regions) and hierarchical crisis management (within an 
organisation) teams as in the Netherlands the optimal minimal conditional probability of 
flooding to call to implement measures is relatively high because of the costs and the time 
needed for decision making. In case of a straight forward emergency structure for top 
strategic decision making, when decisions are made by only one team of decision makers 
who are advised by experts, the costs are less than when multiple teams are involved. 
Additionally, the required time for decision making is less. As a result, more time is available 
for phase 3 when people move from A to B, and more people and valuable goods can be 
saved and the minimal conditional probability to call for evacuation decreases. 
 
 
10.1 Introduction 
 
As shown in chapter 9, the risk can never be reduced to zero and therefore a disaster may 
occur. Because of the availability of early warnings (chapter 4), measures can be taken by 
authorities (chapter 5) and citizens (chapter 7) to reduce the consequences. The effectiveness 
of these measures depends on the local circumstances (chapter 6) and actual conditions. 
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After detection and recognition of a threat of flooding, decision makers and crisis managers 
are confronted by the need to implement measures (or not).  
The process of top strategic decision making resulting in the go or no-go decision for 
evacuation is in fact a chain of decisions illustrated by the different phases discussed in 
chapter 3.3: 
 Phase 1: Detection and recognition (sense making) after early warning; 
 Phase 2: Organisation and decision-making by leaders and citizens;  
 Phase 3: Period of moving from one place to another. 
 
The survey and evaluation of the exercise Waterproef in chapter 5 concluded that decision 
makers and crisis managers evaluate different parameters related to the risk during decision 
making. Most of the important information is related to the probability of flooding and the 
consequences of evacuation and flooding. However, it was also shown that decision makers 
and crisis managers make different decisions based on the same information. In other words, 
they use a risk-based approach, although some are risk seeking and others are risk averse.  
 
As a cost-benefit analysis can be used to design a system (section 9), it can also be used to 
support decision making in the case of a crisis. A cost-benefit analysis can be used to define 
thresholds for decisions with regard to evacuation taken the positive and negative 
consequences and the probability of the occurrence of the disaster into account. These 
minimal values (defined as the conditional probability of flooding) can be used as the input 
for the decision making process based on a rational approach. Decision makers can use this 
information to make choices within complex situations with different stakeholders and 
interests.  
 
This chapter presents a method based on a cost-benefit approach to support the top strategic 
decision making process for mass evacuation based on a rational approach in the case of a 
threat of flooding. Three decisions as part of the critical moments for decision making are 
considered in this chapter: 
 When experts should inform decision makers (the start of phase 1); 
 When to initiate crisis management structures to develop strategies for evacuation (start 
of phase 2); 
 When to call for an evacuation (the end of phase 2 and the start of phase 3, the go or 
no-go decision for evacuation). 
 
 
10.2 Methodology to define minimal required conditional 
probability of flooding to call for evacuation 
 
This section introduces a method used to define the minimal conditional probability of 
flooding to call for evacuation or other measures related to evacuation. This chapter starts 
with a deterministic approach showing the concept and the variables in the model. In section 
10.5.3, it is shown that a probabilistic approach can be used to define the minimal conditional 
probability of flooding to call for evacuation more accurately.  
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10.2.1 Deterministic approach 
 
Cost-benefit analyses can be used to provide a rational description of the appropriate effort 
for different parts of the event tree and reduce the consequences of evacuation. Different 
objectives can be defined: 
 To minimise expected loss of life in terms of persons; 
 To minimise expected economic damage; 
 To minimise expected economic damage, including the value of human life as used in 
chapter 10. 
The objectives above can result in different conditional probabilities of flooding to call for 
evacuation; therefore, the objective has to be defined clearly.  
 
The benefits for mass evacuation include the following: 
1. 1 0s s  as the number of prevented loss of life by evacuation. 1s  is defined as the 
(persons) of lives lost in the case of a flood event with evacuation, 0s  is defined as the 
number (persons) of lives lost in the case of a flood event without evacuation; 
2. 1C  as the value (Euro) of the goods that are saved by evacuation. 
 
As previously mentioned, an evacuation can be costly as well, and the following variables are 
introduced to describe the costs:  
1. 2s  as the number (persons) of lives lost because of the evacuation itself (these also 
occur when the disaster does not occur (this could be estimated by, for example, 
statistics on car accidents). The number of lives lost depends on the characteristics of 
the area and the available time however this relation is not described in literature;  
2. 2C as the costs (Euro) of the evacuation because of the limitations of economic and 
social processes and economic costs of the use of equipment and resources (this is 
estimated by the reduction of the added value to the gross regional product). 
 
tP  is defined as the probability that the disaster will occur in t  days given the forecasts of 
hydraulic loads and the strength of the defence system. Because of uncertainties the 
probability of flooding is uncertainty as well, however this is not taken account yet in this 
example. The probability that a disaster will not occur ( 0P ) is equal to: 
0 (1 )  tP P  [1] 
If the objective to minimise the number of lives lost, the evacuation (specifically, the 
movement phase, phase 3) should start when: 
1 2 0t tPs s Ps   [2] 
Therefore, the moment to call for an evacuation with the objective to minimise the number of 
lives lost should start when: 
2
0 1( )
 t
sP
s s
, with no evacuation when 1tP  [3] 
When the objective is to minimise economic damage, it should be decided for evacuation 
when the benefits of the prevented damage (taking the probability of occurrence of the 
disaster into account) are greater than the costs of evacuation: 
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1 2tPC C  [4] 
Therefore, the moment to decide for an evacuation with the objective of minimising the 
economic loss should start when: 
2
1
t CP C , with no evacuation when 1tP  [5] 
A comparison of the optimisation of the loss of life and economic costs illustrates the dilemma 
of decision makers in the case of a flood event in the Netherlands. The economic impact of a 
mass evacuation 2C could be relatively high in comparison to the economic value of the 
prevented damage 1C  by evacuation.  
Evacuation therefore becomes more attractive when more people can move to a safer place 
and the loss of life can be prevented. This requires more time for evacuation, which means 
that decisions must be made earlier with lower probability (and more frequent evacuation). 
When more time is needed for evacuation, the value of 2C  will also increase because the 
period that the area is affected increases.  
 
When the economic value of human life is taken into account in the cost-benefit analysis (see 
chapter 8.4), the relationship between the economic value and the loss of life becomes clear. 
Information can be generated that offers insights into the costs incurred to prevent the loss of 
life. Each casualty is economically valued as V . The combination of costs for the loss of life 
and economical damage results in a call for evacuation when: 
2 2
0 1 1(( ) )
  t
s V CP
s s V C
, with no evacuation when 1tP  [6] 
In decision making for evacuation, however, there is also a subjective element, as also shown 
in section 5. When risk averse is known in advance it can be taken into account in the rational 
approach as well. Therefore, a factor is introduced to reflect the willingness to evacuate to 
prevent the loss of life ( 1f ) and damage ( 2f ). This results in: 
2 2
0 1 1 1 2(( ) )
  t
s V CP
s s Vf C f
, with no evacuation when 1tP  [7] 
The value of 1f  and 2f  can be defined in advance and taken into account during emergency 
planning to take risk averse into account. However, because of the subjective elements of 
decision making (as shown for mass evacuation; (Kolen and Helsloot 2012a) and because of 
the judgment process in a real event (as described in (Boin et al. 2005) it has to be taken into 
account that other decisions can be made.  
 
 
10.2.2 Numerical examples in the Netherlands in the case of a crisis 
 
In this section, the methodology is illustrated by some numerical examples for dike ring 14 in 
the Western part of Holland in the case of a call for evacuation due to coastal flooding.  
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Conditional probabilities of flooding are defined for three different objectives: 
1. To minimise the expected loss of life; 
2. To minimise expected economic damage; 
3. To minimise expected economic damage including the statistical economic value for the 
loss of life as used in chapter 10. 
 
The following numerical values of the parameters are chosen focusing on the Dutch situation 
of flooding and preventive evacuation: 
 V = 6,7 M€; the economic value for the loss of life V is based on recent literature 
(Bočkarjova et al. 2010; Bočkarjova et al. 2012) and is also applied in a discussion 
about new safety standards in the Netherlands (IenM 2011; Kind 2011; Jongejan et al. 
2011; De Bruijn et al. 2010); 
 2s = 25 persons; the number of lives lost due to an evacuation is chosen at 25 persons 
for the western part of Holland (in most cases this can be related to the number of 
people that evacuate with special attention to people with special needs). Although no 
figures are known regarding the loss of life due to evacuation in the Netherlands, it is 
expected based on international experience that some loss of life will occur because of 
traffic accidents and people with special needs (see also section 13.5). The number of 
lives lost in traffic accidents in the Netherlands was 661 people in 2011, 640 in 2010, 720 
in 2009 (CBS 2012). In the case of an evacuation, which is by far more stressful and 
involves less experienced drivers, a greater loss of life is realistic than can be assumed 
on daily statistics. In chapter 14 the loss of life because of hospital evacuation is 
discussed. The estimation of 25 fatalities is considered to be an optimistic assumption. 
In reality this number might be related to the number of inhabitants taken the number 
of people with special needs into account as well; 
 2C =6,000 M€; it is assumed that an evacuation including the return of the people will 
stop economic processes for a week and affect approximately half of the country. The 
people of dike ring area 14 have to move to other parts of the Netherlands and affect 
economic and social processes in these areas. Additionally, the economic process in 
dike ring 14 will come to a stop. The total Gross Domestic Product in 2010 of the 
Netherlands was 590 Billion € (Rijksoverheid 2012). The costs of evacuation are 
estimated at 1% of the Gross Domestic Product. It is recommended to do more research 
after the economic damage of evacuation, in this research a sensitivity analyses has 
been done;  
 For the value of 1C , two alternative estimations are taken into account for the damage 
prevented by evacuation. Because of the limited possibilities to evacuate all people, all 
attention will be focused on reducing the loss of life. In addition, only movable goods 
can be moved, and therefore, the reduction of the damage is limited. Because of 
uncertainty an optimistic and pessimistic approach is considered which differ 
significant;  
 An optimistic assumption is considered in which 1C  is equal to 10% of the complete 
damage in the case of a flood. For the worst credible flood on the western coast, the 
damage is estimated at 120 Billion €; therefore, 1C  is 12,000 M€;  
 In the pessimistic assumption, 1C  is equal to 0.01% of the complete damage in the case 
of a flood; therefore, 1C  is 12 M€;  
 To keep the example simple 1f  and 2f are equal to 1. 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
162 B. KOLEN  
Table 28 shows the minimal tP  when to call for evacuation for different reductions of the loss 
of life resulting from evacuation. The range of the prevented loss of life is based on the range 
used for the benefits of evacuation developed in the exercise Waterproef exercise (chapter 5.6) 
and the expected loss of life in the case of the worst credible flooding. When the objective is 
to minimise the loss of life, the probability required to call of evacuation depends of the 
number of people that will be saved by evacuation given the available time. For example, 
when 100 fatalities can be prevented, the tP  to call for evacuation is 25%. When 1000 fatalities 
can be prevented, tP  to call for evacuation is 2.5%. The number of loss of life that can be 
prevented can be defined using the EvacuAid method as described in chapter 12.  
When only the economic value without the loss of life is taken into account, an evacuation is 
only optimal when a significant amount of damage can be prevented. In the optimistic 
example, tP  to call for evacuation is 50%; in the pessimistic example the optimal decision is 
no evacuation. 
When the objective is to reduce damage to movable goods including the value of human life, 
the probability required to call for evacuation depends only on the costs prevented and 
caused by evacuation. In the case of the optimistic approach, tP  to call for evacuation is 49% 
when 100 fatalities can be prevented and 33% when 1000 fatalities can be prevented. In the 
case of a pessimistic approach, tP  to call for evacuation taking into account the value of 
human life for tP  is 92% when 1000 fatalities can be prevented. When only 100 fatalities can 
be prevented, it is optimal not to decide for evacuation. This is because of the limited value of 
goods that can be evacuated and the costs of evacuation.  
 
Table 28: Numerical examples for tP  to call for evacuation 
Numerical examples for tP  to call for evacuation 
Objective: minimise loss of life 
Prevented loss of life ( 0s - 1s ) 100 500 1000 2000 6000
Minimal value for tP  in % 25% 5% 2.5% 1.3% 0.4%
Objective: minimise economic damage 
( 1C  is 12,000 M€) in % 50%
( 1C  is 12 M€) in % No evacuation 
Objective: minimise economic damage including economic value for loss of life 
Prevented loss of life ( 0s - 1s )  100 500 1000 2000 6000
( 1C  is 12,000 M€) in % 49% 40% 33% 24% 12%
( 1C  is 12 M€)in % no no 92% 46% 15%
 
Table 28 shows that the objective to ‘minimise loss of life’ results in different decisions for 
evacuation than the objective to ‘minimise costs’ or when the economic value for loss of life is 
taken into account.  
In the case when the prevented loss of life, and therefore the economic value of life, is far 
more than the economic damage, an optimistic or pessimistic assumption of 1C  has less 
influence on tP  to call for evacuation. When the number of prevented losses of life is 6,000 
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persons, the minimal conditional probability of flooding to call for evacuation increases by 
only 3% (from 12% to 15%) when the prevented damage 1C  decreases from 12,000 M€ to 12 
M€. When the number of lives lost declines, the prevented economic damage 1C  becomes 
more significant. For example, when the number of lives lost that is prevented is (only) 1000 
persons, the minimal conditional probability of flooding to call for evacuation is 33% when 1C  
is optimistic and 92% when 1C  is pessimistic. 
 
When the available time is reduced for evacuation, fewer people can be saved and ( 0s - 1s ) will 
be reduced. This can also be seen in in the evacuation scenarios as described in section 6.3 
and as further explored in 12. As time passes and the number of people that can be saved 
( 0s - 1s ) is reduced, the minimal conditional probability of flooding to call for evacuation 
increases.  
 
Taking subjective arguments into account, the factors 1f  and 2f can be used (and defined in 
advance). As described in this section, the model presents a linear relationship between the 
economic value for the loss of life V and 1f  and between the damage prevented by 
evacuation 1C  and 2f . When greater value is given to the prevented loss of life or damage, 
the conditional probability of flooding for when to call for evacuation is reduced and vice versa 
(see Table 29). 
 
Table 29: Sensitivity analysis for numerical examples for the objective of minimising the economic costs, 
including the value of the loss of life 
Sensitivity analyses: numerical examples for minimal conditional probability of flooding for evacuation  
Objective: minimise economic damage including economic value for loss of life
Prevented loss of life ( 0s - 1s )  100 500 1000 2000 6000
minimise loss of life when 1f  and 2f are equal to 1 
( 1C  is 12,000 M€) 49% 40% 33% 24% 12%
( 1C  is 12 M€) no No 92 46% 15%
minimise loss of life when 1f  and 2f are equal to 0.5 
( 1C  is 12,000 M€) 97% 80% 66 49% 24%
( 1C  is 12 M€) No No no 92% 31%
minimise loss of life when 1f  and 2f are equal to 2 
( 1C  is 12,000 M€) 24% 20% 16 12% 6%
( 1C  is 12 M€) no 92% 46 23% 8%
 
The examples shown only focus on the go / no go decision assessed at the end of the 
transition phase (phase 2). The approach can also be used to compare different strategies of 
evacuation. The expected number of lives lost after a flood can be related to the strategy for 
evacuation as shown in section 10. A vertical evacuation in case of a flood can result in less or 
more loss of life than a preventive evacuation given a certain amount of time. When a vertical 
evacuation is chosen, the time needed to execute the strategy (and disrupt processes) is less 
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than when a preventive evacuation is chosen. Therefore the costs of evacuation 1C are less 
because economic and social processes can be more continued and, in case when no flood 
occurs, started up more quickly. Also the loss of life 2s because of evacuation is expected to 
be less because less people move from A to B. As a consequence the conditional probability of 
flooding to call for vertical evacuation will be less than the conditional probability of flooding 
to call for preventive evacuation.  
 
 
10.3 Reflection on the Waterproef exercise in the Netherlands 
 
 
10.3.1 Use of scenarios in exercises 
 
Training and exercises are used to develop and maintain experiences with emergency 
management. Research shows that training and exercises to stimulate the correct response 
have to be based on plausible scenarios (Alexander 2000). With the model as presented in this 
chapter the decision made during the Waterproef exercise (see 5.6 for a description of the 
exercise) can be evaluated and related to the figures used to design flood risk management 
strategies.  
 
In this chapter, a case study of the decision making process during Waterproef is analysed. 
The case study shows the perceived consequences by the decision makers as taken into 
account during decision making in the exercise. In chapter 5.6, the quantitative information 
about the probabilities of flooding and the number of prevented lost lives for different 
strategies of evacuation is described. The prevented loss of life was only a part of the total 
consequences, and only the positive consequence of the prevention of the loss of life was 
quantified. The negative consequences, such as economic and social disruption, were not 
presented explicitly and quantified for the decision makers. Despite the probabilities and the 
consequences, it was decided to postpone the call for evacuation. The analysis compares this 
decision with the minimal conditional probability of flooding to call for evacuation. 
 
 
10.3.2 Minimal conditional probability of flooding to call for evacuation 
 
During Waterproef tP  was estimated at 40-45% at the moment of decision making on the 
national level. This moment was 4 days before the expected onset of a flood and 3 days 
before the wind speed would become so extreme that evacuation would no longer be 
possible. As shown in chapter 5.6, three alternatives for evacuation were presented to the 
decision makers. When no decisions were made by the authorities regarding evacuation, the 
loss of life was estimated at 10,000 people (minimum strategy) in the case of a flood. When a 
call for maximum evacuation was made, the number of loss of lives lost could be reduced to 
2,000 people (maximum strategy). Therefore, 0s - 1s is estimated at 8,000 people. The medium 
strategy (partly preventive evacuation) reduced the number of lives lost to 4,000 people.  
The value of prevented damage by evacuation 1C , the costs caused by evacuation 2C  were 
not quantified, although the issue of credibility related to the fear of more frequent 
evacuations not followed by a flood was discussed.  
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During the exercise, discussion emerged about the need to call for evacuation at the moment 
of decision making. The probability of the event was perceived as too low and the available 
time to implement the measures was too long to call for evacuation at the specific moment in 
the exercise. Because the costs of evacuation and prevented damage were not made explicit, 
the reason not to evacuate can be explained using the model. In the model, this can be 
explained by the willingness to evacuate to prevent the loss of life ( 1f ) and damage ( 2f ) and 
the parameters that describe the costs 1C and 2C . In theory, the number of lives lost because 
of evacuation ( 2s ) may be relevant, but this is not taken into account in this analysis because 
it is outnumbered by far by the number of lives lost in the case of a flood. 
 
Although no costs were taken into account, the perceived costs can be considered as the 
value against evacuation. Given tP  of 40% and the 8,000 casualties that could be prevented, 
the economic value of 2C  (assuming 1f  and 2f  are equal to 1) can be determined at  
 21,000 M€ in the case when 1C  is estimated based on the pessimistic approach (12 
M€); 
 26,000 M€ in the case when 1C  is estimated based on an optimistic approach (12,000 
M€). 
The value of 2C  can be placed in the perspective of the expected damage of 120,000 M€ in 
the case of a worst credible flood for the western coast (Kolen and Wouters 2007; ten Brinke et 
al. 2010). The perceived costs of the evacuation during the Waterproef decision making was 5 
less than the damage in case of worst credible flood of the Western part of the Netherlands. 
 
The minimal conditional probability of flooding to call for evacuations based on the figures of 
Waterproef was therefore far below the probability as presented in the exercise. When these 
costs are assumed to be zero, for simplicity, 1 2,f f  are assumed to be equal to 1, tP  to call 
for evacuation is 0.31%. When the value for 1C  and 2C are as in the numerical examples 
presented in chapter 10.2.2, tP  to call for evacuation is 9% (when 1C  is 12,000 M€) or 12% 
(when 1C  is 12 M€).  
Despite the figures given to the decision makers, the decision was made during Waterproef to 
postpone the call for complete evacuation until the next day. It was only recommended to 
begin the evacuation of some groups of people with special needs. This was in fact a new 
strategy which also required additional coordination and therefore time.  
 
During Waterproef, only quantitative information was given to the decision makers about the 
benefits of evacuation if the flood should occur. However, the perception of the possible costs 
of evacuation itself outweighed this information. 
 
During Waterproef, the decision for evacuation was delayed. Therefore, it can be concluded 
that the value of the prevented casualties or damage was less than the costs of evacuation 
corresponding to 2C . Assuming realistic figures for 2C , it can be concluded that 1f  and 2f  
are less than 1. This conclusion seems to conflict with the top priority of decision makers to 
save lives, as shown in section 5.  
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Two possible explanations can be given: 
1. The priority of saving lives is only relevant for the planning document; in reality, this 
priority is less relevant. This means 1f  and 2f  have a value higher than 1. However, 
this seems to conflict with the expectations of the public and the messages send out by 
decision makers and the experiences of many other disasters; 
2. The assumed economic value of human life (6.7 M€) is too high. However, this seems to 
conflict with the research that has been carried out on the value of human life and 
flood risk assessments in the Netherlands. When 1C  is 12,000 M€ the perceived 
economic value of human life is 0.4 M€ and when 1C  is 12 M€ the perceived economic 
value of human life is 1.9 M€. This economic value of 0.4 M€ of a life is outside the 
scope of the bandwidth as presented in literature for flood risk management in the 
Netherlands (Bočkarjova et al. 2012). This value for human life is also far less than for 
example the economic value for human life in traffic which was 2.6 million euro in 2009 
(SWOV 2012). 
 
Another possible explanation is that the scenario and the information as presented in the 
Waterproef exercise influenced the outcome of the decision making process. The performance 
of the information management was one of the main improvements recommended in the 
evaluation of the exercise (Cappelleveen and van der Ven 2009). This implies that the way in 
which information is presented to decision makers is extremely important for rational decision 
making. Because of the role of ambiguity and the lack of experience in the Netherlands this is 
likely to occur, it is recommended to do more research on this topic.  
 
In this research, it is concluded that the information presented to the decision makers during 
Waterproef was not sufficient and therefore influenced the decision makers negatively. Taken 
the results of the survey among decision makers in section 5 into account and the results of 
Waterproef it is likely that more information about the costs and benefits of evacuation, the 
overall risk and the minimal conditional probability of flooding to call for evacuation (for 
different strategies) should have improved the decision making process considering the 
results of the survey among decision makers and the philosophy used to design the system. 
 
 
10.3.3 Analysis of the consequences of postponing decisions 
 
Because the decision to evacuate was delayed, the effectiveness of the evacuation was 
reduced (see chapters 6 and 12). Because the number of lost lives that are prevented is less, 
tP  increases when the other costs are constant. The increase in tP  is presented in Table 30 
related to the reduction of the loss of life. However, when less time is spent on evacuation, 
the costs might also decline. The total window of time that an evacuation will influence the 
economy will be reduced, and it is possible that the threatened area can be better defined. As 
a sensitivity analysis, Table 30 also presents tP  when 2C  declines by 25%. 
 
The results show that when the number of people that can be saved by evacuation declines, 
the minimal conditional probability of flooding to call for evacuation increases. This means 
that when the call for evacuation is delayed and the required time might be more than the 
available time for the evacuation, a higher probability of occurrence is needed to call for the 
evacuation. A paradox for the decision maker can be seen in the events with limited time: 
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while the call for evacuation is postponed (because for example of the low probability or time 
needed to understand the situation, to plan, and evaluate the need for decisions), the 
probability for flooding must increase in the near future to justify a future call for evacuation 
because less people can be saved by evacuation.  
A vicious circle can be created when the emergency structure is too complex and when no 
earlier defined criteria are used. While decision makers tend to delay decisions (see section 5) 
and need time for meetings, the costs and benefits of evacuation changes during these 
meetings. Because the benefits are related to the available time to move from A to B and can 
decrease rapidly these will vary more than the costs of evacuation because the disruption of 
the economy will cover multiple days also after the evacuation. This result in a higher required 
probability of flooding to call for implementation of measures. A second element is the 
possible increase in time needed for decision making when more decision makers are 
involved. Because of the different interpretations of the risk, this will increase the time 
needed for decision making as well.  
 
Table 30: Probability (%) to call for evacuation for different numbers lives saved because of the delay in the 
decision time 
Number of people 
saved ( 0s - 1s ) 
1C  is 12,000 
million, 2 3C C  is 
26,000 M€ 
Reduced by 25% 
1C is 12 million, 
2 3C C is  
21,000 M€ 
Reduced by 25% 
8000 40% 31% 40% 30%
6000 50% 40% 53% 40%
4000 67% 55% 79% 59%
2000 No evacuation 88% No evacuation No evacuation
1000 No evacuation No evacuation No evacuation No evacuation
 
 
10.4 Required conditional probability of flooding for warning 
and transition phase prior to the call for evacuation 
 
 
10.4.1 Introduction  
 
The numerical example presented in section 10.2.2 focuses only on the go or no-go decision 
for a specific strategy of evacuation. The call for evacuation is not the first decision made by 
decision makers in the case of a threat-driven response. As shown in section 3, the transition 
phase is the period in which the decision makers can influence the environment to create 
better conditions for future evacuation. Additionally, information about the threat can be 
communicated to the public. During the preparation for the Waterproef exercise (see section 
5.6), discussions addressed the issue of when experts and crisis managers should alert the 
decision makers (phase 1) and when crisis management structures should be activated (phase 
2).  
 
Based on the cost-benefit approach as described and applied in section 10.2, the probability 
for these measures can be defined. In this section, thresholds are defined for different phases 
of evacuation (see section 3.3 for these phases): 
1. Phase 1 - Warning: Experts should inform decision makers using forecasts (the start of 
phase 1)and the process to understand and accept the warning by decision makers; 
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2. Phase 2 - Transition phase: Crisis management structures should be initiated to begin 
the development of strategies for evacuation and finally decide for evacuation if needed 
(start of phase 2, transition phase). 
The probability to call for evacuation is already defined in the numerical examples presented 
in chapter 10.2 (the go or no-go decision for a form of evacuation at the end of phase 2). 
 
 
10.4.2 Conditional probability of flooding for phase 1: warning  
 
The ‘warning’ requires the involvement of experts and decision makers and possibly crisis 
managers to facilitate the understanding of the message of the forecasters. Warnings of crisis 
centres and decision makers can be made by a top down or bottom up approach. The bottom 
up approach is related that local and regional organisations are alarmed based on (forecasted) 
water levels to implement measures. These measures start by removal of stock in flood plains 
and closure of gates, when water levels rise more evacuation can be a possible measure. The 
top down approach alarms means that an overall (national) assessment is made about the 
need for measures (as evacuation) and that multiple organisations are warned and not 
necessarily have to make this analysis on their own. In appendix C this is further described for 
the Dutch context.  
 
In the case of a top down process, forecasters warn only one team of decision makers, who 
will evaluate the need for further measures. Other teams and stakeholders will be involved if 
needed during phase 2 of the evacuation. In the case of a top down approach, forecasters 
warn several decision makers and stakeholders who all make the same assessment separately 
for their tasks and responsibilities. When further measures are needed, connections to other 
stakeholders are made during phase 2 of the evacuation.  
 
The example described in this chapter is focused on the warning of a decision maker and his 
or her team. The costs 2C  (representing the costs related to the disruption of other 
processes) are estimated at 0.1 million € for this measure. These costs are limited because no 
operational or communicative measures are taken: only decision makers and their advisors 
meet and spend time making sense of the situation and discussing the future response. 1f  
and 2f  are assumed equal to 1. The value of 1C  is the same as in the previous examples.  
 
Table 31 presents tP  when forecasters (experts) have to warn decision makers based on the 
expected value of the reduction of loss of life as a result of evacuation. To be able to compare 
the tP  to call for evacuation, these figures are also shown in Table 31. tP  for issuing a 
warning is far less than tP for making the final call for evacuation. This is because of the 
limited consequences of the warning process and the time needed to involve the decision 
makers.  
 
When it is taken into account that forecasts for the Netherlands with a lead time of two days 
or more are based on ensembles of 51 forecasts (model runs as members of the ensembles), 
and when these models are run and they all result in a probability of 2%, it becomes clear 
that even with low probabilities, decision makers should be informed about the possible 
consequences. In many cases, a flood will not occur and an evacuation may not even occur. 
But because of the consequences, it is worthwhile for the decision makers to meet. In reality, 
the probability of each run might not be equal and experts are required to estimate the 
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probability of each member. However, it is clearly shown that when there is an indication of a 
possible flood risk and enough time is available to implement measures such as evacuation 
(and prevent loss of life), it is reasonable to involve the decision makers directly after 
detection of the possible threat. 
 
Table 31: Thresholds for probability (%) for the measures if warning (phase 1) and the go or no-go decision 
(end phase 2) for evacuation 
Number of people saved ( 0s - 1s ) 100 500 1000 2000 6000 
Call for evacuation (go no go) - 2C  is 6,000 M  
( 1C  is 12,000 M ) in % 49% 40% 33% 24% 12% 
( 1C  is 12 M ) in % no no 92% 46% 15% 
Warning - 2C  is 0.1 M€ 
( 1C  is 12,000 M ) in % 1% 1% 1% 1% 0% 
( 1C  is 12 M ) in % 25% 5% 2% 1% 0% 
 
 
10.4.3 Conditional probability of flooding for phase 2: Transition phase 
 
The same analyses as for the warning can be performed to determine the moment to begin 
phase 2 (and consider the situation as a crisis). During phase 2 the following measures by the 
authorities are assumed as a result of the top strategic decision making process: 
 Informing the public about the actual circumstances influencing the risk perception and 
inform them about the measures that are being taken and considered; 
 Developing several strategies for evacuation with the stakeholders involved, and the 
consequences will be defined and presented for the decision makers; 
 Preparation of measures to optimise the circumstances for a possible future evacuation 
(adapt infrastructure, reallocate emergency equipment, increase capacity of emergency 
services, etc.); however, it is assumed that these measures will not influence traffic or 
economical processes.  
The costs 2C of these measures are estimated in this example at 100 million €. These costs 
are far less than the costs of an evacuation itself. Therefore, these measures can be taken 
when the probability level is far lower, as observed in Table 32. The probability level that 
determines when to take these measures is higher than the probability level required to warn 
the decision makers, as shown in Table 31. 
 
Table 32: Thresholds for probability (%) for the measures to initiate phase 2 and the go or no-go decision (end 
phase 2) for evacuation 
Number of people saved ( 0s - 1s ) 100 500 1000 2000 6000 
Call for evacuation (go no go) - 2C  is 6,000 M  
( 1C  is 12,000 M ) in % 49% 40% 33% 24% 12% 
( 1C  is 12 M ) in % no no 92% 46% 15% 
Warning - 2C  is 0.1 M  
( 1C  is 12,000 M ) in % 2% 2% 1% 1% 1% 
( 1C  is 12 M ) in % 39% 8% 4% 2% 1% 
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10.5 Impact on emergency structure 
 
 
10.5.1 Benefits of small emergency management structure and the risk of a 
complex structure 
 
In the case of a bottom up approach to warning, several local and national teams can make 
the assessment at the same time. Because more people are involved, this increases the costs 
2C , which will result in a higher tP  to implement measures with regard to evacuation. A 
second consequence of the bottom up approach and an emergency management structure 
with several teams that are related to each other is the time needed for coordination and to 
finally make decisions. When more time is needed for decision making, this reduces the 
available time for evacuation and therefore the number of prevented loss of life ( 1 0s s ). 
Additionally, the value of evacuate goods 1C  can decrease. This is a second component that 
causes a higher conditional probability of flooding to implement measures with regard to 
evacuation.  
This planning time should only be used when the time needed for decision making improves 
the effectiveness of evacuation in such a way that more people can evacuate because of the 
better plan. This is further discussed in part IV. 
 
The Waterproef exercise showed that the process of decision making is very complex in the 
Netherlands because of the different teams on the national level as well on the regional level. 
This complexity increases the time needed to share information and strategies before 
measures can be implemented. To maximise the possibility of executing measures and 
therefore the effective of evacuation, these ‘lines of coordination’ have to be minimised for 
warning, planning and the final decision making about the go or no-go decision. 
 
 
10.5.2 Better safe than sorry 
 
In chapter 5, the different perceptions by decision makers and crisis managers are shown 
about how the probability and consequences of flooding and evacuation can be dealt with. 
This cost-benefit approach offers an opportunity to define thresholds for when to implement 
measures for evacuation and when to call for an evacuation. Although costs and benefits are 
only an element for decision makers, these can be used to create a better understanding 
about when to call for evacuation and the role of all organisations.  
 
In section 4.5.3, the frequency of evacuation was discussed related to the frequency of 
flooding in the Netherlands. It was concluded that the frequency of evacuation was far higher 
than the frequency of flooding because decision makers and society are risk averse. The cost-
benefit analyses, as shown in this chapter, support this policy of better safe than sorry. 
Measures with regard to evacuation are taken more often than an evacuation occurs, and an 
evacuation is executed more often than a flood occurs. This is acceptable because of the high 
consequences of these events.  
 
Measures can be taken based on defined criteria related to the risk and costs. When a 
measure is taken based on these criteria and the event does not occur, this cannot be defined 
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as a false alarm. In fact, this situation is as planned and decision makers have to be able to 
explain the need to take these measures.  
A false alarm can occur when decisions are based on false warnings, forecasts or estimation of 
the consequences. 
 
 
10.5.3 Probabilistic decision making 
 
In many cases the expected value of the water level is presented in early warnings, which 
results in a focus on an expected situation. These expected value are based on model runs 
(and sometimes the interpretations of the forecaster), which are used for ensemble forecasts. 
These ensemble forecasts show for different members (model runs) the expected weather, 
water level, etc. All members together show an uncertainty band. Figure 32 shows an example 
of an (ensemble) forecast for the location of ‘Hoek van Holland’ along the Dutch coast in the 
Netherlands. This ensemble forecast has been developed for the exercise Floodex 2009 (see 
section 13.4.3) by up scaling the 1953 event that flooded the south of Holland. Such an 
ensemble forecast can be used to identify possible events in the case of a threat of flooding, 
the probability of these events and the consequences. During decision making, this knowledge 
can be taken into account. A deterministic approach does not take these uncertainties into 
account. Therefore, the tP  to call for evacuation are assessed in this chapter using a 
probabilistic approach. 
 
  
  
Figure 32: Ensemble forecast as used for the exercise Floodex (LOCC 2009) 
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The deterministic model as described in chapter 10.2 is further developed to a probabilistic 
model. Therefore, the variables related to the probability of flooding are described as discrete 
variables that can have a selective number of values and a probability of occurrence. ,1tp  
describes the expected probability of flooding. ,2tp  and ,3tp  are the probability of flooding for 
a more extreme flood and a less extreme flood. fP is the probability that the flood will not 
occur and is defined as: 
,1 ,2 ,31 1f t t t tP P p p p       [8] 
The number of lives lost in the case of a flood event depends on the scenario for flooding. In 
the case of a more extreme flood scenario, the number of lives lost is expected to be more 
than in the case of a less extreme flood event. 0,1s  is the expected number of lives lost in the 
case of a flood without evacuation for ,1tp , 0,2s  for ,2tp  and 0,3s  for ,3tp . Figure 33 shows the 
relationship between forecasts and possible impact of scenarios using the matrix of scenarios 
as developed in section 4. The expected water levels are also related to the design level of 
them and criteria for warning (alarm level). Based on the probability distribution of the 
expected water level different possible flood events, including the probability of them, can be 
defined. In Figure 33 three scenarios are defined using the probability distributions. The 
scenarios are based on the classes for impact as described in section 4.4.1 (also the same 
symbols of flood events are used in Figure 33): 
 Class “extreme event” based on the upper part of the probability distribution of the 
expected water level; 
 Class “An expected event” based on the expected water level based on the probability 
distribution of the expected water level; 
 Class “no flood” based on the lower part of the probability distribution of the expected 
water level. 
Figure 33 also shows that when uncertainty is taken into account, the probability that the 
water level is higher than a threshold becomes clear. In a deterministic approach, this 
information might be hidden because only the expected value is used.  
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Figure 33: Forecast of hydraulic loads related to classes of threat and impact scenarios 
As for the impact of a flood the expected lead time can also be described in the different 
classes of lead time. Figure 33 shows using the same probability distribution of the water level 
as a function of three classes of the lead time when the design level of levees is expected to 
be exceeded. Again the matrix of flood events is used to define (in this case three) classes for 
time: 
 Class ‘worst case’: lead time based on early failure of flood defenses; 
 Class ‘expected’: lead time based on expected failure of flood defenses; 
 Class ‘best case’: lead time based on late failure of flood defenses. 
  
Decision makers can only choose one possible strategy for evacuation. The number of lives 
lost in the case of a flood event with evacuation therefore depends on the effectiveness of 
this strategy. 1,1s  is the expected number of lives lost in the case of a flood with evacuation 
for ,1tp , 1,2s  for ,2tp  and 1,3s  for ,3tp . Parameter 2s is assumed to be constant. Therefore, the 
moment to decide for an evacuation with the objective to minimise loss of life should start 
when: 
2
3
1, 0, ,
1
( )
t
q q t q
q
sP
s s p



, with no evacuation when 1tP  [9] 
When the objective is to minimise loss of life, the probability to call of evacuation depends of 
the number of people that will be saved by evacuation. Table 33 presents the assumed 
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relationship between ,1tp , ,2tp  and ,3tp  and the loss of life in the numerical example. In this 
example it is expected that the number of loss of life that can be prevented in case scenario 
high is less than scenario expected because the size of the flood. The number of loss of life in 
the scenario low with evacuation is expected to be 20% of the loss of life without evacuation. 
The 20% is based on the non-compliance factor for evacuation as used in chapter 6. The tP  to 
call for evacuation for a deterministic approach and a probabilistic approach is presented in 
Table 34.  
 
Table 33: Relationship between probability and loss of life in numerical example for the probabilistic approach 
probability loss of life 
  Example 1 Example 2  
,1tp  (60%)  1,1s =4000 people 1,1s =7800 people 0,1s =8000 people 
,2tp  (10%)  1,2s =6000 people 1,2s =8900 people 0,2s =9000 people 
,3tp  (30%)  1,3s =300 people 1,3s =600 people 0,3s =1500 people 
 
Table 34: tP  to call for evacuation using a deterministic approach and a probabilistic approach with the 
objective to minimise the loss of life taking different flood scenarios into account 
 example 1 example 2 
Deterministic approach 0.6% 12.5% 
Probabilistic approach 1.0% 13.8% 
 
The value of goods that can be saved by evacuation 1C  depends on the size of the event as 
well, and the uncertainty can be taken into account in a probabilistic approach. 1,1C  is the 
expected number of lives lost in the case of a flood without evacuation for ,1tp , 1,2C  for ,2tp  
and 1,3C  for ,3tp . The other costs 2C  are related to the decision for evacuation and are 
assumed to be constant is this example. The combination of the costs for loss of life and 
economical damage results in a call for evacuation when: 
2 2
3 3
1, 0, 1,
1 1
( ( ) )
 

  t q q q q q
q q
s V CP
s s Vp C p
, with no evacuation when 1tP  [10] 
Again, the same numerical model is applied. The value of 1,1C  is estimated to be equal to 1C . 
The value for 1,2C  is assumed to be 12C  and the value of 1,3C  to be 1
1
2
C . The tP  to call for 
evacuation using a deterministic approach and a probabilistic approach is presented in Table 
35. The same events are taken into account as in Table 34. To be able to compare the results 
with the previous examples, optimistic and pessimistic values for 1C  are taken into account. 
Again, it is shown that uncertainties influence tP  to call for evacuation. tP  is slightly higher in 
a probabilistic approach than in a deterministic approach. The difference between the 
deterministic approach and the probabilistic approach depends on the impact of uncertainties 
and is therefore related to the local circumstances. The results in the examples are of course 
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influenced by the chosen parameters for 1, 0,q qs s  and 1,qC . When the method is applied to 
different areas, the consequences can be defined.  
 
Table 35: tP  to call for evacuation using a deterministic approach and a probabilistic approach with the 
objective to minimise the economic damage including the economic value for loss of life taking different flood 
scenarios into account related to the prevented loss of life and economic damage 
 example 1 
1C = 12,000 M  
example 2 
1C  12,000 M  
example 1 1C = 12 
M  
example 2 1C  = 
12 M  
Deterministic approach 15,9% 46.2% 23% No evacuation
Probabilistic approach 19,5% 45.9% 35,3% No evacuation
 
It is shown that a probabilistic approach results in different results from a deterministic 
approach. Although the differences are limited in the examples used in most cases, it is also 
shown that when the value for loss of life is relatively higher than the value of the economic 
costs (when 1 0s s =4000 and 1C  is 12 M€), the difference between the conditional probability 
of flooding to call for evacuation between the probabilistic approach and the deterministic 
approach is the most. The probabilistic approach is, by definition, more accurate than the 
deterministic approach because more possible events are taken into account assuming that 
the probabilistic information can be (subjectively) assessed. However, the need for this 
accuracy depends on the circumstances of the event. A local analysis therefore will show the 
need (and possibility) for a probabilistic approach. 
 
 
10.6 Evacuation – iso – graphs 
 
The results shown in the previous examples can be presented in “evacuation-iso-graphs” to 
support decision makers and evacuation planning (see Figure 34. These evacuation-iso-graphs 
show the probability to call for evacuation based on the expected effectiveness of evacuation 
(prevention of loss of life and damage). These evacuation-iso-graphs can also be used to show 
the minimal conditional probability of flooding for other measures (warning, start of the 
transition phase, etc.) in the total chain of decisions for evacuation. This conditional 
probability of flooding is related to the criteria set for different phases in crisis management. 
When these phases are (in most cases) related to expected water levels (see chapter 0 for the 
Dutch case), this approach relates the criteria to the risk because the probabilities and the 
consequences are taken into account. 
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Figure 34 shows the concept of 
such a graph. The evacuation 
iso line shows that when more 
loss of life can be prevented by 
evacuation, the call for 
evacuation can be made with a 
lower probability of flooding. 
The evacuation iso line also 
shows that when fewer people 
can be saved, the level of 
probability of flooding at which 
a call for evacuation should be 
made increases. As time passes 
during decision making, the 
time for phase 3 of evacuation 
reduces, and the probability of 
flooding has to increase to call 
for an evacuation. 
 
The amber bandwidth in Figure 
34 around the evacuation iso 
line shows the impact of uncertainty. The red and green zones are beyond the bandwidth of 
uncertainty. When the probability of a flood in a certain event combined with the prevented 
loss of life is in the red zone a call for evacuation has to be made based on an economic 
approach, the green zones indicates situations when no call for evacuation has to be made 
based on an economic approach.  
 
Figure 35 shows the results when this evacuation-iso-graph is defined for the examples as 
described in section 10.2.2. For different values of the prevented damage by evacuation the 
evacuation-iso-graph is presented. For the examples, it is shown that when more loss of life 
can be prevented, the prevented damage hardly influences the minimal conditional probability 
of flooding to call for evacuation. When fewer people can be saved, the prevented damage 
becomes more significant. The examples also show that there is an upper limit for a rational 
call for evacuation. When the loss of approximately 1,000 lives can be prevented and the 
prevented damage by evacuation is 12 million €, the decision is not to call for evacuation. 
 
 
Figure 35: Evacuation-iso-lines that show the conditional probability to call for evacuation (the end of phase 
2) for different values of the economic damage caused by evacuation 
 
Figure 34: Conceptual evacuation-iso-graph 
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Figure 36 and Figure 37 shows the results for different measures in a chain of decision making 
for evacuation, the examples are related to the phases of evacuation as introduced in section 
3.3. This evacuation-iso-graph supports decision makers when to decide for different measures 
in the chain of decision that will result in a call for evacuation. The figure shows that low cost 
measures can be taken with a minimal conditional probability of flooding. This means that 
organisations and teams have some time to prepare for the moment when the final call for 
evacuation is made (the transition phase) using the long term weather and water forecasts. 
When more damage can be prevented by evacuation, the minimal probability to call for phase 
1 and 2 for evacuation becomes more and more the same. 
 
 
Figure 36: Evacuation-iso-lines that show the conditional probability of flooding to implement measures 
to create an evacuation mode call for different phases of evacuation assuming the prevented damage 
caused by evacuation is or 12 million 
 
Figure 37: Evacuation-iso-lines that show the conditional probability of flooding to call for different phases of 
evacuation assuming the prevented damage caused by evacuation is or 12,000 million 
 
 
10.7 Concluding remarks 
 
The probability of flooding, taking the costs and benefits of evacuation into account as most 
important information indicated by the majors and crisis managers in the survey, to call 
evacuation depends on the number of lost lives that will be prevented and preventive 
damages due to evacuation in the case of a flood. The probability of flooding to initiate phase 
1 or phase 2 is less than the minimal conditional probability of flooding to call for evacuation 
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(phase 3). This is because the costs of phase 1 and phase 2 are far less than the costs of 
evacuation itself. The costs of phase 1 are equal to the time needed for some experts and 
some decision makers. The costs for phase 2 correspond to the costs of measures to increase 
the awareness of the citizens and to transform the society into an evacuation mode. When the 
final decision to call for evacuation is made (phase 3), economic and social processes will be 
influenced and costs will increase significantly. In addition, loss of life can occur because of 
evacuation itself.  
The evacuation-iso-graph shows the minimal conditional probability of flooding to call for 
evacuation related to consequences (and related to the size and time).  
 
This research shows that when uncertainties are taken (as for example the probability and 
consequences for different flood scenarios) into account, the minimal conditional probability 
of flooding to call for evacuation can be more accurate defined than when a deterministic 
approach is used.  
 
The case study showed for the Netherlands that the minimal conditional probability of flooding 
to issue a warning and initiate discussions among decision makers is very low. In fact, taking 
the transition phase (see section 4) and the time needed to implement measures it can be 
concluded that in the case of even a small increase in flood risk, the decision makers should 
be directly warned. Because of the high consequences, the time needed for evacuation and 
the actual lead times, to act or not to act is a political choice. 
 
The complexity of emergency management structures is (negatively) related to the 
performance of evacuation. Therefore, the minimal conditional probability of flooding to call 
for evacuation increases when the complexity of the emergency structure increases. The costs 
of phase 1 (the early warning and sense making process) depends on the number of involved 
experts, decision makers and crisis management teams. When more teams are involved, the 
costs increase. The costs of phase 2 (the transition phase) depend on the costs of measures 
such as implementation of traffic management and reallocation of emergency services and 
equipment.  
 
It is concluded that a vicious circle can be created when the emergency structure is too 
complex and no criteria exist to call for evacuation. When more time is needed for decision 
making less time for evacuation is available and a relatively higher conditional probability of 
flooding to call for evacuation is needed. While decision makers tend to delay decisions (see 
section 5) or need time for meetings, also the costs increase and the benefits will be less. 
Therefore, a higher minimal conditional probability of flooding is required to call for measures. 
At the moment when the decision is finally made new information about the minimal 
conditional probability or consequences might be available which start over de process again.  
A second element is the increase in time needed for decision making when more decision 
makers are involved. Because of the different interpretation of risk, this will increase the time 
needed for decision making as well. 
 
In case of a complex organisation with many parallel (regions) and hierarchical crisis 
management (within an organisation) teams as in the Netherlands that are involved in the top 
strategic decision making process the optimal minimal conditional probability of flooding to 
call to implement measures is relatively high. Because of the involvement of many persons, 
the costs or relatively high, and the significant period of time is needed for decision making 
processes because several teams depend on the progress of others. It is recommended for the 
Netherlands to simplify the decision making process and emergency management structure. 
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In case of a straight forward emergency structure for top strategic decision making, when 
decisions are made by only one team of decision makers who are advised by experts, the 
costs are less than when multiple teams are involved. Additionally, the required time for 
decision making is less. As a result, more time is available for phase 3 when people move 
from A to B, and more people and valuable goods can be saved and the minimal conditional 
probability of flooding to call for evacuation decreases.  
 
When decision making is optimised, decisions have to be made based on the size of the 
disaster, and in the case of flooding, this occurs at the national level. This will decrease the 
costs and number of involved persons and therefore the required time for decision making as 
well. This time becomes available to execute evacuation. When decisions are made, existing 
structures of organisations can be used to translate decisions to measures during the 
transition phase. A second advantage of this more simplified structure is that several 
organisations do not need to maintain specific knowledge for these low-frequency events, and 
such a team can support emergency planning as well.  
 
Training and exercises are developed to educate decision makers about the consequences of 
decisions. The learning process will improve when the exercises are realistic. It can be 
questioned whether exercises such as Waterproef contribute to the level of preparedness and 
understanding of the threat (or that people were in fact trained to make decisions with 
negative consequences). This is because of 1) the used scenario (see Figure 23): a worst 
credible flood for the size but a best case class for the lead time (using the matrix of 
scenarios of section 4), 2) and a conditional probability of flooding which was far more than 
the optimal conditional probability for flooding to call for evacuation contribute to. During the 
exercise the economic consequences were not defined. This results in discussion about 
decision far beyond the rational choice for evacuation based on the probability of flooding and 
the consequences. As a consequence, the value given to human life was far less than that 
used during the design of the system or the economic damages was expected to be more. This 
is in contradiction with the normal behaviour of decision makers when prevention of loss of 
life is by far the top priority.  
Realistic training and exercises contain dilemmas that are based on the policy choices for the 
design of the system. Realistic training and exercises also take uncertainties into account and 
focus on all possible events and not only a selection of (best-case) events. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
PART IV 
ADAPTIVE 
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11 General introduction to adaptive 
evacuation planning  
 
 
Abstract 
This chapter introduces the concept of adaptive evacuation planning to support top strategic 
decision making. Adaptive evacuation takes different strategies for evacuation into account, 
such as preventive and vertical evacuation. Adaptive evacuation also takes uncertainties into 
account and is based on scenarios for evacuation based on traffic models. However, these 
traffic models can also be used to develop scenarios for evacuation. Because of limitations in 
available time during the transition phase, budget and time for preparation and complexity 
to implement new strategies when multiple stakeholders and citizens are involved, the use of 
traffic models alone does not support decision making. A more simplified approach is needed 
for adaptive evacuation planning. Several traffic models can be used to develop possible 
scenarios for the evacuation of an area. A literature review showed that a model that takes 
the probability of these scenarios into account and defines the expected effectiveness does 
not exist yet. The results of such a model may be used to develop overall strategies when the 
threat exceeds an area based on the available capacities of (connecting) infrastructure and 
emergency capacities and the objectives set by a decision maker.  
Preparation for evacuation is defined as maximisation of the use of the available means and 
infrastructure for evacuation in the case of a possible threat for a disaster. Being prepared in 
a risk-based approach means that the preparation for evacuation can be related to defined 
criteria which are related to the results of evacuation. These results can be based on an 
evacuation fraction. This evacuation fraction describes the expected result of an evacuation 
based on the available time and the number of people that can evacuate taking uncertainties 
into account in the elements of evacuation as introduced in this thesis. 
 
REFERENCE  
Section 12.3 is based on ‘EvacuAid: a probabilistic model to determine the expected loss of life for 
different mass evacuation strategies during flood threat’ as published in Risk Analyses (Kolen et al. 
2012b). 
 
 
11.1 Introduction: evacuation planning  
 
To be able to define whether the level of preparation is sufficient or not, criteria related to the 
expected results are required. In reality with limited budgets and uncertainties, the question is 
what is the acceptable risk is and what type of measures are required that foresee in this 
need. The tsunami in 2011 in Japan after the Great Eastern Japan Earthquake showed that even 
when efforts were put into flood defences, land use planning and emergency management 
systems could fail because they were overwhelmed after the Tohoku Earthquake Tsunami in 
Japan (Mori et al. 2011). In a risk-based approach, this can be called planned failure because 
the design criteria are overwhelmed at each layer. Chapter 11.2 discussed what is understood 
by being prepared. In chapter 9 a method is defined to determine the available budgets for 
emergency planning through a multiple layer (risk-based) approach.  
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In part IV –evacuation planning – a method is described to define the effectiveness of 
evacuation (Section 12), and a method to put evacuation planning in practice (section 14) with 
attention to people with special needs is presented. The developed method for evacuation 
planning can be applied to other types of disasters as well. Preparation for building fires 
focuses on a set of design rules based on a deterministic scenario that excludes uncertainties 
resulting from the citizen response, the behaviour of the fire and the number of people in the 
building for which other strategies might result in less loss of life (Kobes 2010).  
 
In the introduction of this thesis, some words of caution were mentioned for evacuation 
planning for low frequent events. On A large scale evacuation will never be completely 
controlled by the authorities and evacuation planning has to deal with uncertainties.  
Adaptive evacuation planning as described in this thesis requires an understanding of the 
possible consequences of evacuation and the impact of uncertainties. When this knowledge is 
used, evacuation strategies can be developed to facilitate evacuation for citizens and to offer 
support to those who need it. 
The complexity of emergency planning for low-frequency mass events is well known 
(McConnell and Drennan 2006; Quarantelli 1988; Clarke 1999; Helsloot 2007). Part IV of this 
thesis describes how evacuation planning of different stakeholders can be connected and how 
the consequences of these connected plans can be minimised (in terms of the expected loss 
of life or the expected population that will evacuate). This method can be used for emergency 
planning as well as during a crisis. Different strategies can be developed for evacuation to 
maximise the performance and relate the performance to the defined objectives. 
 
Scenarios can be developed for evacuation in an area and how complex systems work and 
different measures interact. A literature review about different evacuation models to develop 
scenarios for evacuation is described in chapter 11.3.  
The use of scenarios requires the use of statistics and knowledge about the four elements of 
evacuation and the threat (in this case a flood). Additionally, agreements among experts and 
policy makers are needed to bridge gaps in knowledge that will always remain. Because of 
these agreements, the measures of different organisations can be connected. A system of 
distributed decision making can be developed when measures by citizens and authorities in 
specific possible evens (as for example based on the matrix of threat and impact scenarios 
presented in chapter 4).  
Decision makers can show their accountability to organise adaptive evacuation planning that 
covers all possible events and not only best case events. In chapter 10, it was recommended 
to gather experience about evacuation in an expert-team that can be used to advise decision 
makers and be involved in evacuation planning. A possible role for the expert-team is of 
course also to develop emergency planning, evaluate events and translate the lessons learned 
to the structure of evacuation planning. The structure to connect planning documents and 
decision is described in chapter 12 to define the effectiveness of evacuation and in chapter 13 
to develop strategies for evacuation.  
 
In an event when prepared strategies are not appropriate and plan B or fall-back strategies do 
not exist, people will improvise and take measures based on their profession based on their 
understanding and perception of the problem. People will act by doing what is best in their 
opinion based on their information and knowledge. Decision makers and emergency services 
and other stakeholders will implement familiar measures that are closely related to their 
normal activities. Special commands and control structures for a crisis hardly influences these 
decisions (Dynes 1994). The overall consequences of all measures can make some specific 
measure (as contra flow or a route to be used only for emergency services) to be contra 
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productive. If a measure is the only one, it may be a good choice; however, in combination 
with others, it is not. Decisions can become less effective because these cannot be completely 
implemented any more or the on-going evacuation causes high restrictions (after the 
transition phase). This can occur when an evacuation is already on-going or when emergency 
services are already used or places cannot be reached. Clear examples of this risk include the 
evacuation of Rivierenland in 1995, when authorities were deciding on evacuation while in fact 
the process was already occurring initiated by citizens (Nijmegen 1995) or the evacuation of 
New Orleans, where the ‘best-case planning’ did not match reality (Parker et al. 2009). 
However the decision to call for evacuation can be an additional incentive for those still 
waiting to start with evacuation (as a symbol) and might be important with regard to juridical 
issues. Therefore the use of symbols can be a strategic asset to motivate people to evacuate.  
 
The consequences of evacuation strategies for different areas can be developed as a function 
of time. Decision trees that include possible combinations of possible strategies of different 
areas (plan A’s and plan B’s, etc.) can be developed. These can also describe how the overall 
capacities and cross boundary relationships between these areas can be dealt with based on 
the actual situation. Emergency planning has to consider all possible flood scenarios (using 
the matrix of threat and impact scenarios) and not only on a best-case scenario. Additionally, 
preparation for only a worst-case scenario is not sufficient because this represents only a part 
of the possible events. In case of a smaller scenario, other strategies for evacuation might be 
more effective because the relation between available and requires time changes. This 
requires identification of these measures as well as decision to implement them.  
 
Adaptive evacuation planning might cause increased complexity from the perspective of a 
decision maker who wants to communicate in advance what to do. However, as shown in part 
II of this thesis, in most cases it is also impossible that one strategy or measure is the optimal 
measure in all cases. Adaptive evacuation planning requires that alternatives are taken into 
account and will be considered during decision making. These alternatives can be 
communicated in advance; the final strategy however, will be chosen during the crisis. This 
requires authorities to be able to identify the actual conditions and the effectiveness of 
different evacuation strategies before decisions about measures are made.  
 
 
11.2 Criteria for ‘being prepared’? 
 
In the case of large-scale flooding (as in the Netherlands but in most urbanized deltas 
worldwide), it is clear that the available means for evacuation are insufficient to reduce loss of 
life and economic damage to zero. When additional infrastructure, personnel or equipment for 
evacuation are required and part of the design of the emergency management structure, this 
is an ‘add on’ to the normal capacities. Because the number of emergency personnel is 
outnumbered by far by the number of citizens, it will only become effective when the normal 
capacity increases with multiple factors. This add on has to be justified because of the low 
frequency of the event of evacuation and because many resources and personnel will only be 
used during the evacuation. However, this add on capacity might be effective during normal 
life although it can be questioned if these capacities are required for these daily duties.  
 
Preparation for evacuation is defined as maximisation of the use of the available means and 
infrastructure for evacuation in the case of a possible threat for a disaster. Preparation 
requires that insight in the consequences of alternative measures is offered to decision 
makers. The reduction of the impact of these measures depends on the impact of a disaster 
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and the available time and capability to implement measures. Preparation is based on the 
available infrastructure, personnel and equipment. The level of preparation can be related to 
the required contribution to the acceptable level of risk for a type of disaster. The criteria that 
describe what is being prepared have to be set by decision makers. 
 
Being prepared means that the preparation for evacuation can be related to defined criteria 
related to the results of evacuation. Evacuation planning can be frequently tested in training 
and exercises and the capacities of emergency services and infrastructure as well as the 
capabilities of citizens and authorities can be taken related to these criteria. The costs of 
several measures to improve evacuation and a better understanding of evacuation can be 
related to the increase of the effectiveness of evacuation. 
 
In chapter 2.2.2 and 2.2.3, the complexity is discussed regarding how to define criteria that 
can be used to define the level of preparedness in terms of the results. At the moment, no 
criteria in terms of the accepted loss of life, the number of people that have to be evacuated 
or the damage to be prevented are known for evacuation planning. The criteria that are used 
are more often process-oriented. Examples are the need to have an emergency plan for 
organisations, the need to be trained by conducting exercise every year and the need to 
communicate the plan to others. When only process criteria are used, it is impossible to make 
a rational, measurable, judgement about whether the evacuation was carried out optimal and 
whether preparation fulfilled the needs.  
 
The complexity of evaluating the decisions related to their results is shown in historic 
evacuations. These often only focused on the process of decision making or highlighted some 
characteristic elements of evacuation as a symbol. Evaluations of recent evacuations therefore 
focus on the relationship between decision makers, as in (van Duin et al. 1995; Nijmegen 
1995) for the Netherlands after the evacuation of Rivierenland. Additionally, other evaluations 
discuss the response during an evacuation and the role of decision makers and first 
responders. No relationships are described with the acceptable level of risk or results-driven 
criteria, such as the numbers of people that have to be evacuated. Examples are the 
evacuation along the east coast (Norfolk area) in the United Kingdom (Ellis 2008). After 
hurricane Katrina, discussion emerged about the success of preventive evacuation. Some 
argued that the evacuation failed because some people did not leave the area in time (Elder 
et al. 2007), or that earlier involvement of some decision makers could have reduced the 
consequences (Parker et al. 2009). Others note that more people evacuated than was expected 
based on earlier exercises, as in (Van Heerden and Streva 2004), and that the preventive 
evacuation can be considered successful (Wolshon 2006). Again, no defined results criteria 
exist based on their arguments, and all of these judgements are fair from the chosen 
perspective. However, a connection with existing planning cannot be made. All discussions 
therefore are open ended. 
 
The result (or objective) of emergency planning can be defined based on the expected number 
of people that are able to evacuate (a so called evacuation fraction). The interaction between 
citizens and authorities and the use of the environment and the threat are combined within 
this fraction. The evacuation fraction can be defined by the combination of the following 
(Maaskant et al. 2009): 
 Probability distribution of the available time for evacuation to execute an evacuation 
(phase 3, movement phase as discussed in section 3.3.5). This available time is 
influenced by the availability and interpretation of forecasts, the lead time and decision 
making as well as the time needed to implement measures during the transition phase; 
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 Scenarios that describe the number of people that can evacuate as a function of time 
and the probability distribution of these scenarios. Multiple scenarios might be required 
to reflect all possible events.  
This fraction can take into account all types of evacuation and can be used to assess the 
number of people that reach a safe location in time or loss of life. The expected value of the 
evacuation fraction is the result of several possible events. The evacuation fraction can be 
used for cost-benefit analyses of measures related to multiple layer safety, emergency 
planning as well as to define results-driven criteria for emergency planning.  
 
Emergency planning is done to be able to cope with future events. Therefore, emergency 
planning should not only focus on one (chosen) event but on all possible events. However, 
the expected value can be used in a normative approach to define the level of preparedness 
as a requirement for evacuation planning. When uncertainties are taken into account, this 
approach can also be used in a real event or in an exercise to evaluate decisions during other 
possible events.  
 
 
11.3 Review of models for evacuation and loss of life 
estimation  
 
The effectiveness of evacuation strategies for evacuation planning and decision making in case 
of a threat for flooding can be defined with evacuation models. These models describe the 
number of people that can move to a defined location within a window of time for a scenario 
of evacuation. This chapter shows that several models exist to develop scenarios, but that a 
probabilistic model that considers the possibility of multiple scenarios and uncertainties does 
not exist. Additionally, a strategy builder that combines possible (in advance prepared) 
strategies for different areas does not exist. Because this thesis uses the Dutch situation as a 
case, the use of these models in the Netherlands is described in a literature review.  
 
 
11.3.1 Literature review of evacuation models and the use of uncertainty in 
these models 
 
Evacuation models are used as instruments for evacuation planning. These models can be 
used to calculate the consequences of evacuation for the required time, traffic load and 
congestion on routes as well as the impact of behaviour for several scenarios. A scenario for 
evacuation describes the logistic progress and the number of people that reach the intended 
destination over time based on a set of chosen boundary conditions and a defined road 
networks. For each scenario, the model is based on a set of assumptions, such as the 
population that evacuates, the capacity and routes of the infrastructure, and the decisions of 
the authorities (strategy measures), first responders and the public (when and how to 
evacuate). Evacuation models can be divided into three types (Petruccelli 2003; Mens 2008): 
 Dissipation rate models use an aggregate state formula to estimate the evacuation time 
based on the size of an area and its population density. These models are also called 
macro models; 
 Manual capacity models use techniques to allocate the population on the (road) 
network while taking the road capacity into account. These models are also called 
‘meso’ or ‘macro dynamic’ models; 
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 Micro simulation models simulate the evacuation process on the network at a micro 
(individual) level. Each individual receptor is modelled, and there is a detailed 
description of the road network. 
An overview of several available models is given in Table 36, this overview is an update of an 
overview made in 2004 (Frieser 2004). All of these models are deterministic models. This 
means that the consequences of uncertainty are not taken into account, and all results are 
based on a chosen value for the conditions of each parameter. 
 
Table 36: Evacuation models 
Name Category 
Hans & Sell (Bellamy 1986) Dissipation rate model 
EMBLEM (Empirically Based Large-scale Evacuation estimate Method) (Galveston 2003) Manual capacity model 
Evacuation Calculator (static traffic model) (also part of National Evacuation Module 
Netherlands) (van Zuilekom et al. 2005; Barendregt et al. 2002) 
Dissipation rate model 
Dynamic planning Module of National Evacuation Module Netherlands (Kolen 2010b) Manual capacity model 
Traffic Module (dynamic module) (van Zuilekom et al. 2005; Barendregt et al. 2002) Manual capacity model 
OREMS (Oak Ridge Method Evacuation Modelling System) (Galveston 2003)  Micro simulation model 
FIRESCAP (Feinberg and Johnson 1997) Micro simulation model 
INDY (Bliemer 2005) Manual capacity model 
SPOEL (serious gaming for mass evacuation) (Kolen et al. 2011b; Kolen 2009) Manual capacity model 
DSS ESCAPE (Windhouwer 2004) Micro simulation model 
EVAQ (Pel et al. 2008) Manual capacity model  
Life Safety Model (Hydro 2006) Micro simulation model 
 
Models can be used to develop various scenarios for evacuation that represent several 
possible events. The models shown in chapter 11.3 can be used to develop various scenarios 
for evacuation that represent several possible events, as follows: 
 Preparation. These scenarios together can represent a scenario that represents a class 
that covers events within a certain range of possible conditions of the underlying 
parameters. These scenarios can be developed in advance (preparation, phase 0). The 
probability of these classes can be determined using knowledge of uncertainties (e.g., 
forecasting) and expert opinions, the expected number of people that can be evacuated 
can be defined with event trees that combine these scenarios and probabilities 
(Maaskant et al. 2009; Jonkman 2007); 
 Decision making during a crisis. These models can also be used to develop new 
scenarios based on the actual conditions of the threat (phase 1, 2 and 3). This means 
that the use of the models has to be sufficient during crisis situations. Scenarios have 
to be defined, run and analysed. Decision makers have to choose among possible 
strategies, and these have to be implemented. 
None of the evacuation models account for the probabilities of the scenarios needed to assess 
the benefits of evacuation, as all these models are deterministic models. 
The time needed to use evacuation models during decision making can be divided in four 
steps, all of which are part of the transition phase discussed in chapter 3. These steps are: 
1. Time needed to create scenarios based on the actual conditions of the threat and 
society and possible measures; 
2. Calculation time for the model; 
3. Interpretation of the results by experts to prepare information for decision making; 
4. Advice for decision makers. 
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The development of new evacuation scenarios with evacuation models during a crisis is not 
without risk. This is because of: 
 Technical reasons related to the use of the model; the use of models requires time to 
give the right values relative to the parameters in the model, calculation time, required 
time for interpretation by the experts and time to inform the decision makers. 
Uncertainties in the parameters of the model strongly influence the outcome of these 
models. For decision making, more scenarios have to be taken into account, which 
increases the time needed to run the models; 
 Models are not validated. Validation of the results of evacuation models is, in most 
cases, not possible because data for mass evacuations are limited (Pel 2011). Even 
when evacuations are frequent, such as once in five to ten years, the lessons learned 
will be implemented afterwards. Other variables included are the uncertainty in the 
threat and (citizens’) response during a subsequent event; 
 Organisational reasons to develop operational evacuation plans for unique low-
frequency events based on the outcomes of the model. Because of the multiple 
involved organisations and many more emergency services, this will take time and will 
not be perfect. Ambiguity, or linguistic problems according to (Bedford and Cooke 2001), 
that cause misunderstandings will influence the effectiveness of the chosen strategies. 
 
The calculation time for micro or macro dynamic models can be up to several days (Pel 2011). 
Model runs for dissipation rate models can take some minutes, but these shows less detail 
about the way the traffic will spread over the network. Although these calculations developed 
during a crisis can be used to develop better strategies, the effectiveness of decision making 
and evacuation in the specific event does not improve because of the required time and 
complexity of organising the strategy. It is concluded that evacuation scenarios have to be 
developed in advance during emergency planning to be useful during crisis decision making.  
 
Despite the problems with validation of the results, knowledge about the conditions of the 
parameters in the model and the algorithms used regarding how the traffic will spread over 
the network can be used to define optimistic or pessimistic scenarios.  
The ‘Evacuation Calculator’ distinguishes different algorithms for evacuation related to 
optimistic and pessimistic events and presents the results as additional scenarios (van 
Zuilekom et al. 2005). These different algorithms are related to the ways in which traffic 
spreads over the network and exit points of the model.  
These algorithms and the conditions of the parameters in the model (related to the four 
elements in the introduced framework for evacuation in part II) can be used to define several 
possible scenarios. The probability of each scenario can be related to the threat, the use of 
infrastructure and when and how the measures are taken by the authorities and citizens. The 
probability of these scenarios can be assessed based on the conditions of the parameters in 
the model and how these are related to the conditions (quality of preparation) of the society. 
 
The available evacuation scenarios of the Netherlands indicate that the required time varies 
from hours for small areas to many days for large dike ring areas (Barendregt et al. 2005; 
Maaskant et al. 2009; Kolen et al. 2008; Jonkman 2007). Additionally, in the case of coastal 
evacuation of the east coast in the United Kingdom, differences of multiple hours in 
evacuation time can be seen between optimistic and pessimistic scenarios (Tagg et al. 2012). 
Many types of incidents, such as car accidents and incorrect route choices, can occur during 
an evacuation. For evacuation planning, a shortage of available emergency equipment and 
infrastructure and a delay is decision making has to be considered, which limits the possibility 
for action (Ministry of the Interior and Kingdom Relations 2008).  
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Regarding decision making and preparing for mass evacuation, information about the required 
time and consequences of different strategies could reduce the loss of life because more 
effective strategies can be chosen (Haynes et al. 2009b). The decision making process during 
Waterproef showed the need for different realistic strategies and the complexity to deal with 
them without insight in the overall consequences and the need (Kolen et al. 2009). To support 
emergency planning or, in the case of a possible flood event, the decision about when and 
how to evacuate, the overall consequences of these choices should be considered. For 
evacuation planning, a shortage of available means can be considered, which limits the 
possibility to take action.  
 
The evacuation because of hurricane Katrina in the US affected multiple parishes (Parker et al. 
2009). Evacuation along the east coast of England affected multiple communities and regions 
(Ellis 2008), as could be seen for France (in 2010 and 1953) and the UK and the Netherlands 
(1953) as well (Lumbroso and Vinet 2011). A worst credible flood in the Netherlands affects 
multiple municipalities and Safetyregions (ten Brinke et al. 2010). Because of the impact of a 
flood in the Netherlands, this disaster is considered as a national crisis (Helsloot and 
Scholtens 2007).  
Therefore, it is concluded that multiple authorities will be affected by large scale evacuation in 
case of a flood. This is because areas have to evacuate or are confronted with the 
consequences of evacuation of other areas. The evacuations of these areas are related to each 
other because of the limited capacities of roads, emergency equipment and the perception of 
the public. When these measures of different authorities are connected, optimal strategies 
covering the entire evacuation and organisation zone can be defined to cope with the event.  
All existing models shown in Table 36 can be used to develop possible scenarios for the whole 
evacuation zone and organisation zone. The level of detail in the model has to fit on the 
decision problem and uncertainty. A more detailed description of the evacuation does not 
automatically result in a better top strategic decision. When the conditions of the parameters 
in the model are uncertain, scenarios have to be used with caution. Two different scenarios 
developed due to different conditions or assumptions might even be realistic, both results can 
be realistic. Because of the low frequency of a mass evacuation event, many stakeholders will 
be confronted for the first time with an evacuation. Different interpretations can be given of 
the same information, and misunderstanding (or linguistic problems) can occur (Brugnach et 
al. 2008; Bedford and Cooke 2001). 
 
Using knowledge about the probability of possible scenarios, a probabilistic model for 
evacuation can be defined based on the scenario of deterministic models. However, a 
probabilistic evacuation model for evacuation (taking probabilities and bandwidths into 
account for several parameters using a database of prepared scenarios) that provides insight 
into the expected number of people that can reach a destination in time and the expected 
loss of life related to a possible strategy for evacuation does not exist yet. Additionally, a 
strategy builder that combines possible (prepared) strategies for different areas does not exist.  
 
 
11.3.2 Loss of life after a flood 
 
None of the evacuation models calculate the expected loss of life. However, models of the loss 
of life exist and are applied in practice. Loss of life in flood risk analyses (Jongejan et al. 2011; 
De Bruijn et al. 2010) is often defined as the number of people in the area, assuming that they 
are at home. Research has shown that the probability of loss of life is related to the local 
conditions and age of the persons (Jonkman et al. 2009; Kok et al. 2007; Sheldon D. Drobota 
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2007). By definition, people move to other locations in the case of an evacuation. Research 
has also clearly demonstrated that the loss of life is related to the different locations (as in a 
car, or in a home or shelter) inside the exposed area (Jonkman et al. 2009; Jonkman and 
Kelman 2005; Haynes et al. 2009b). No functions for loss of life are currently available in the 
literature for different locations within the exposed area (i.e., people who are in shelters or 
cars when exposed). 
 
The willingness to evacuate (and move to a certain location) depends among others on the 
way that the message is sent out by the government and the frequency of the event. When 
public officials are aggressive in issuing evacuation notices, over 90% of the population will 
evacuate (Baker 1991). However, when too many people participate in the evacuation, the 
effectives of road use can decline because more congestion can occur (Pel 2011). Therefor the 
message has to be defined carefully and to be considered as operational measures to 
influence effectiveness of evacuation.  
 
 
11.3.3 Principles for probabilistic evacuation planning based on the results of the 
literature review 
 
A probabilistic evacuation model that defines the expected number of evacuees that reach 
their location and the loss of life does not currently exist. Additionally, a strategy builder that 
combines possible (prepared) strategies of evacuation of different areas and describes the use 
of overall resources (as emergency capacities, infrastructure, etc.) does not exist. Necessary 
elements of these models include the expected value and uncertainty bounds of the elements 
of evacuation defined in section 0: 1) the citizen response, 2) decision making by the 
authorities, 3) the environment and traffic-infrastructure and 4) the threat and impact. 
  
This probabilistic model could be used for emergency planning and crisis management. The 
model will, for example assess the upper limit of reduction of loss of life when all measures 
have been implemented perfectly given an existing system. Further improvements in 
effectiveness of evacuation can only be made during phase 0 (planning and design). Examples 
are investments in additional infrastructure (e.g., roads) and additional emergency equipment 
(e.g., personnel of resources) to create more capacity for evacuation.  
 
Various evacuation scenarios can be developed for evacuation that represents classes of all 
significant known events. The probability of these scenarios are determined using data (as 
uncertainties in forecasting) and expert opinions with event trees, (Maaskant et al. 2009; 
Jonkman 2007). Figure 38 shows the concept of such a probabilistic model. The number of 
people that can evacuate in a certain amount of time depends on the interaction between the 
citizen response, the response of authorities and the physical environment and optimistic or 
pessimistic conditions.  
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Figure 38: Concept of the probabilistic model. The conditional probabilities , ,i j kP P P show the way in which 
the probability for the most optimistic situation can be defined as an illustration of the concept 
To evaluate the impact of different strategies for evacuation, the mortality rate has to be 
related to different locations inside a flood zone. Literature describes relation between water 
depth and loss of life for all people inside a flood zone (Jonkman 2007). No literature is 
available that describes mathematical loss of life relations for different location (as a home, 
shelter, car etc.) inside a flood zone that is related to water depth to a function of loss of life, 
a subjective estimate is made based on previous experiences, such as Katrina. The expected 
number of people that can, or cannot, evacuate is assessed when the available time is known. 
The combination of the number of people inside the threatened area at different locations 
with the mortality rates for these locations results in the expected loss of life. 
 
Therefore, all information is available to develop a probabilistic model for evacuation to 
determine the success of different evacuation strategies as a function of time. The number of 
people that evacuate from an area as a function of time is needed, which means that all types 
of evacuation models can be sufficient. Because of the calculation time, a Dissipation rate 
model is used to obtain an understanding about the effectiveness of evacuation and the 
impact of uncertainties and the effectiveness of measures. A more detailed model that will 
increase the calculation time and require more data can give additional information about the 
evacuation that is not required for a strategy choice. These models can be used to optimise 
evacuation when the strategy choices have been made (Pel 2011). The costs of different 
strategies for evacuation can be related to the benefits (the reduction of loss of life). Decision 
makers can evaluate the need for possible strategies for evacuation and compare them with 
other measures that reduce the risk (as measures that reduce the frequency of disasters). 
However, all scenarios should be used carefully because these models are not validated 
because of the lack of events.  
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11.4 Overall planning approach for adaptive evacuation 
planning 
 
The use of transport models alone to develop new evacuation strategies during a crisis is 
limited. This is despite the fact that the most recent information can be used about the 
conditions of the threat and other elements of evacuation. To support adaptive evacuation 
planning and top strategic decision making a more simplified approach is required.  
 
In the limited period of time during decision making, several possible evacuation strategies 
have to be developed while the elements of evacuation remain uncertain. These evacuation 
strategies are analysed by experts. The consequences of these strategies will be discussed 
among decision makers before decisions are made and measures can be implemented (all 
during the transition phase). However some no regret measures can be implemented in 
advance before top strategic decisions are made because these measures support all possible 
evacuation strategies.  
In case of a large-scale event, a strategy will consist of several measures in which many other 
organisations and many more emergency personnel and equipment and citizens have a role. 
Because of the size of the event, the large number of emergency personnel, organisations, 
citizens and many other stakeholders involved, this will also take time and accidents and 
mistakes will be made. When decisions are made about strategies or measures, these also 
have to be implemented before they are effective. For example, when decision makers or 
emergency planners choose to block some roads, these are only blocked when equipment and 
personnel are at the site. Many reasons can explain why these measures are not implemented 
in time, such as a traffic jam, the emergency response is not available, an accident, failure of 
equipment, and failure in the briefing or misunderstanding of the task. In the case of a large-
scale event, multiple measures have to be defined and implemented. Because of the low 
frequency of the event of a large-scale evacuation, this will mean a guarantee for failure.  
 
The approach as presented in part IV can be used to develop realistic and adaptive strategies 
and support top strategic decision making. Earlier sections in this thesis already stated the 
need to add other strategies for evacuation to traditional preventive evacuation and the need 
to take uncertainties into account. Scenarios for evacuation developed with the transport 
models can be used as input for the probabilistic model that describes the effectiveness of 
evacuation of an area for different strategies for evacuation (as in section 12).  
The use of prepared evacuation scenarios can result in some basic strategies for different 
areas. These basic strategies can be combined with other strategies when more areas are 
threatened as shown in section 13. The effectiveness of evacuation will increase because: 
 Less time is needed for decision making during phase 1 and 2 because of preparation 
during phase 0. The time needed for phase 2 can even be reduced more when the 
complexity of the emergency structure is reduced (see chapter 10.5);  
 Implementation of measures will improve and the probability for failure of measures 
will decrease. This is because basic strategies are known and less coordination is 
needed.  
 
A warning has to be made. A strategy developed based on adaptive evacuation planning using 
evacuation bricks will be less effective than a specific evacuation scenario that perfectly fits 
on the elements of evacuation when these are known. In this specific scenario no 
uncertainties exist and it is assumed that there is complete control by the decision maker, 
including control over the development of the threat and response. In the aftermath, such 
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analyses can be made with hindsight. Additionally, a false promise can be made in emergency 
planning when it is assumed that everything is known about a threat and evacuation.  
This specific scenario is not equal to the optimal strategy which can be chosen during the 
moment of decision making. When decisions are made for evacuation uncertainties exist. 
Adaptive evacuation planning therefore also requires an understanding of the elements of 
evacuation, placing optimistic and pessimistic evacuation scenarios in the correct perspective. 
 
When estimations are available for evacuation of different areas, strategies can be developed 
for evacuation of multiple areas. The use of infrastructure (as highways) that cover all areas, 
infrastructure used to shelter all evacuees and assistance to emergency services can be 
optimised. Based on the insight into the consequences, priorities can be set related to the 
objectives chosen by decision makers. Adaptive evacuation planning offers a method in which 
all stakeholders can work together (emergency planning becomes connected as described by 
(Rasmussen et al. 1991) to increase effectiveness of distributed decision making processes) 
using prepared elements that are known by all stakeholders. The decision making process has 
to focus on how to use these prepared elements in the actual circumstances. When a strategy 
is chosen, further (local) optimisation can be performed using for example transport models 
again if time is available. The approach for adaptive evacuation planning is based on the 
following:  
 Possible scenarios for several evacuation strategies of an area (as vertical and 
preventive evacuation), developed with traffic models as shown in Table 36; 
 Probabilities of these scenarios used in a probabilistic model that describes the 
effectiveness of strategies for evacuation of an area, such as a function of time; 
 Define a combination of strategies of multiple areas taking the consequences into 
account and the limited capacity of the connecting evacuation routes, the overall 
capacity of emergency services, etc. using objectives of evacuation such as minimum 
loss of life or economic damage, etc. 
Figure 39 shows the use of models for preparation and decision making. The method EvacuAid 
is further described in chapter 12, and the strategy builder is presented in section 13. 
 
 
Figure 39: Adaptive (connected) evacuation planning during preparation and decision making 
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11.5 Concluding remarks 
 
Preparation for evacuation is defined as maximisation of the use of the available means and 
infrastructure for evacuation in the case of a possible (threat) for a disaster. Being prepared 
through a risk-based approach means that the preparation for evacuation can be related to 
defined criteria related to the results of evacuation.  
 
The criteria for emergency planning and evacuation planning are, in many cases, process 
oriented. When emergency planning is part of a risk-based approach, the relationship to the 
risk has to be known. Therefore, the criteria related to the risk have to be developed. The 
evacuation fraction is such a parameter that can be used to evaluate emergency planning. 
Additionally, the decision making process in the case of an event can be evaluated when the 
fraction is based on a probabilistic approach. The actual event can be related to the events in 
the probabilistic approach, and evaluation can show if decisions and measures were taken as 
foreseen.  
Because the risk cannot be reduced to zero and evacuation will never be 100% effective in all 
cases, the evaluation will show if sufficient measures were taken or if the event overwhelmed 
some or all layers of the multiple layer safety system.  
 
Traffic or evacuation models (as dissipation rate models, manual capacity models (or macro 
dynamic or meso models) and micro simulation models) give insight into detailed 
consequences, the use of these models to develop new scenarios during decision making in 
the case of a crisis is limited. This is because of technical issues as a significant calculation 
time related to the available time for decision making and because of difficulties translating 
new strategies into operational measures that include many stakeholders. Evacuation models 
are not validated because of the low frequency of events. In combination with the 
uncertainties in the elements for evacuation, it can be questioned whether more detailed 
modelling during a crisis will result a better answer for estimations of the expected loss of life 
in an area and the time needed for evacuation and therefore support decision making for 
evacuation.  
 
Using defined scenarios for evacuation (including alternatives) that include the expected 
effectiveness of evacuation, several building blocks can be developed in the case of a threat. 
These building blocks can be combined during the transition phase to support top strategic 
decision making. Several strategies can be developed as input for decision making that 
describe the consequences in the evacuation and organisation zone taking the available 
capacities of evacuation routes or emergency equipment into account. 
 
A probabilistic model for evacuation that combines possible defined scenarios and the 
probability of them related to the elements of evacuation does not exist yet. During a crisis 
knowledge of the actual situation can be used to assess the probability of all elements of 
evacuation and the expected number of people that reach the planned destination or loss of 
life.  
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12 EvacuAid: Consequences of 
different strategies for 
evacuation in an area 
 
 
Abstract 
Evacuation of people in the case of a threat is a possible risk management strategy. The 
consequences of an evacuation strategy depend on a combination of the time available, the 
citizen response, the authority response and the capacity of the infrastructure. The literature 
that discusses evacuations in the case of flood risk management focuses as discussed in 
section, in most cases, only on a best-case scenario and excludes other possible scenarios. 
This chapter introduces the probabilistic method of EvacuAid to determine the benefits of 
different types of evacuation with regard to the loss of life. This model can be used for 
realistic evacuation planning. The dilemma point can be defined for an area and shows when 
both strategies result in the same loss of life based on the available time and actual 
circumstances. When less time is available given the chosen conditions, a vertical evacuation 
results in less loss of life; when more time is available, a preventive evacuation is preferred. 
The effectiveness of evacuation for strategies such as preventive and vertical evacuation as a 
function of time can be related to the available time. The model can be used for preparation 
to define necessary strategies and for decision making during a crisis as well as of top 
strategic decision making.  
The method is applied to a case study in the Netherlands for preventive and vertical 
evacuation due to flood risk. The results illustrate the impact of uncertainties on the 
available time and actual conditions (e.g., the responses of citizens and authorities and the 
use of infrastructure). It is shown that for some areas, such as a river area, preparation for 
preventive evacuation is the best strategy to minimize the loss of life. For other areas, such 
as dike ring 14 (South Holland along the coast), a vertical evacuation should be the 
cornerstone of preparation. Only in a best-case scenario will a preventive evacuation result in 
less loss of life than vertical evacuation.  
This section also presents a case study on the consequences for the evacuation fraction after 
investments in evacuation have been made. It is shown that an increase of available time for 
evacuation through a better use of forecasts and a reduction of the time needed for decision 
making is more effective than improvements in planning, additional road capacity or 
additional emergency personnel. It is concluded that, in principle, preparation for evacuation 
requires adaptive planning that takes preventive and vertical evacuation into account based 
on a risk management approach. Based on the characteristics of an area and the probability 
distribution of the lead time, the need to prepare for multiple evacuation strategies can be 
defined.  
 
REFERENCE 
This section is based on ‘EvacuAid: a probabilistic model to determine the expected loss of life for 
different mass evacuation strategies during flood threat’ as published in Risk Analyses (Kolen et al. 
2012b). 
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12.1 Introduction 
 
This chapter focuses on a method to determine the consequences of different strategies for 
evacuation before the onset of a large-scale flood event. This chapter describes a probabilistic 
method (called EvacuAid) to determine the benefits of different strategies for mass evacuation 
(preventive evacuation, vertical evacuation, shelter in place or to delay a decision) that takes 
the impact of uncertainties into account. The method EvacuAid can be applied in emergency 
planning and during the decision-making process that determines the use of evacuation (and 
which strategy) in case of a possible flood event. EvacuAid determines: 
1. The number of people that reach their destination over time; 
2. The loss of life over time for a possible evacuation strategy.  
The results of EvacuAid can afterwards be combined in a strategy builder that combines 
different areas and the use of overall infrastructure and capacities (section 13). 
 
The reduction of loss of life in an area due to evacuation is defined as the success (benefits) 
of an evacuation. This reduction depends on a combination of the location and the 
vulnerability at these locations. In this paper the methodology of EvacuAid is presented. The 
results are illustrated and discussed in a case study for the Netherlands. The method is 
applied for dike ring areas in the Netherlands to compare a strategy for preventive evacuation 
and a combined strategy of vertical evacuation with shelter in place. 
 
 
12.2 Methodology EvacuAid 
 
 
12.2.1 Purpose of method 
 
The EvacuAid method determines the benefits of various alternative strategies for (mass) 
evacuation for planning purposes as well during a crisis. In case of a crisis the method can 
also be applied to support decision makers with strategy choices and the moment when to 
call for evacuation. Calculation time on a personal computer is less than a minute. The results 
of EvacuAid are based on defined evacuation scenarios based on local characteristics. When 
information is known about the status of the four elements of evacuation in the conceptual 
framework of evacuation and the mortality rates, an assessment can be made for several 
strategies of evacuations based on the interaction of these elements. This assessment is 
shown as a function of time in the graphs in Figure 40. The timeline below shows the time 
needed for decision making and implementation of measures and the time for evacuation 
itself. At the dashboard on top of this figure the assessment of the four elements can be 
added for a selected dike ring area.  
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Figure 40: EvacuAid interface 
Different strategies for evacuation can be compared to select the preferred strategy given the 
actual and short term forecasted circumstances. The method focuses on the selection process 
for an evacuation strategy before the actual start of an evacuation. Until that moment, 
measures can still be implemented adequately (e.g., traffic management), and the chosen 
strategy can be communicated to the public and first responders before they begin with their 
evacuations. Effectiveness of these measures can decline over time due to the (autonomous) 
response of citizens and local or regional authorities. Because they use already limited 
resources and infrastructure, started their evacuation and might reduce the possibility of 
implementing other logistical measures. This window of time between the early warning and 
when evacuation will start by autonomous response is called the transition phase (Kolen and 
Helsloot 2012a). This transition phase is shown in Figure 41 by window of time covered in the 
thick box.  
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EvacuAid is developed to compare different strategies for evacuation during this transition 
phase. EvacuAid supports decision-making about possible strategies as vertical, preventive 
evacuation or no evacuation at all and shows the effectiveness of implementing these 
measures. The method can be applied for emergency planning because the possible situations 
based on uncertainties are taking into account. The method can also be applied during crisis 
management. After recognition of a threat emergency planners can estimate the actual 
conditions of the four elements and mortality rates and estimate the impact of the measures. 
The consequences can be presented to decision makers. The results of EvacuAid can be 
related to other parameters for realistic decision making such as the costs of the evacuation, 
disruption of the economy and the probability of the threat. The results can also be used for 
communication to the public.  
For use in emergency planning, the actual conditions of the next event are uncertain. Based 
on statistics and expert judgement, probability distribution can be defined to provide an 
overview of the range of possibilities.  
 
 
Figure 41: Focus area of EvacuAid during the transition phase in emergency planning and the decision-making 
process during a crisis (The red rectangle indicates transition phase from normal to evacuation phase) 
 
 
12.2.2 Mathematical description 
 
This method can be applied for different evacuation strategies, such as a preventive 
evacuation, a vertical evacuation, or a combination of both. Table 37 shows a list of all 
parameters in the model.  
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Table 37: parameters in model EvacuAid 
Paramete
r 
Unit Description 
D  Persons number of people that, can move within the available time frame for evacuation   to the 
desired location 
  Days available time frame for evacuation 
H  Persons number of people who can leave the area within   
1V  Persons number of people who stay at home and take no extra precautions 
2V  Persons number of people that stay at home and take precautions 
3V  Persons number of people in a public shelter 
1T  Days Period needed for decision making 
2T  Days Period that extreme weather conditions limit evacuation 
3T  Days Period between the expected moment of impact and the moment of detections of the threat
N   - Road network 
1 6,...,x x  - Deterministic description of state variables for road network N   
j  - Scenario based on combination of 1 6,...,x x  
P  % Probability  
C  Persons Subset of H  influenced by measures of citizens 
A  Persons Subset of H  influenced by measures of authorities 
I  Persons Subset of H  influenced by efficiency of the use of physical environment 
k , l ,m  - Actual condition for C  , A  , I  on an ordinal scale of 1 to 5 (1 = extreme positive, 3 = 
average, 5 = extreme negative). 
W  - performance ofC  (or A  , I ) given actual condition of k  or l , m  
L  Persons loss of life 
in  %  Mortality rate for location i  
tR  Persons number of people that did not reach the desired location 
 
The number of people D  that, given a strategy for evacuation, can move within the available 
time frame for evacuation   to the desired location depends on: 
 The number of people who can leave the area in this period H ; 
 The number of people that move to possible shelters iV . 1V  is the number of people 
who stay at home and take no extra precautions; 2V  is the number of people that stay 
at home and take precautions; and 3V  is the number of people in a public shelter.  
D  is defined as: 
3
1
i
i
D H V 

   [1] 
The timeframe for transportation during the evacuation   depends on the period 3T between 
the expected moment of impact and the moment of detections of the threat.  
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This period is reduced by the window of time needed for decision making and implementing 
measures 1T  and the window of time that extreme weather will limit the possibility for mass 
evacuation 2T .  can be expressed as follows that describes the time to execute an 
evacuation: 
3 1 2T T T     [2] 
The number of people who can leave the area in this period tH  is defined by an evacuation 
model. Within the evacuation model, six state variables x are included in a road network 
N  that is used to define the number of people that can evacuate in period  .This results in 
the following expression: 
1 6( ,..., )H N x x   [3] 
Where: 
1
2
3
4
5
6
x = departure curve ︵ % of people who will depart as a functi on of ti me︶x = number of people i n a car
x = average travel speed
x = actual road capacity
x = fl ow out rate at exit point
x = route choice
 
 
Equation 3 describes gives the conceptual description of H . In the framework of evacuation 
four elements are defined. The consequences of evacuation are defined in our model 
assuming the occurrence of the flood. Therefore H  can also be defined using contribution 
and interaction of the elements ‘measures of citizens C , ‘the measures of authorities A ’, 
and the ‘efficiency of the use of physical environment I ‘. In a mathematical description 
,  and C A I are a subset of H .( , ,C H A H I H        ). ,  and C A I are therefore also 
function of 1 6( ,..., )N x x . Moreover H  also depends on the actual conditions and measures 
as foreseen in case of a threat. The parameters ,  and k l m  describe the actual conditions for 
,  and C A I on an ordinal scale of 1 to 5 (1 = extreme positive, 3 = average, 5 = extreme 
negative). The weights 1, 2, 3,,  and k l mW W W  describe the performance of ,  and C A I , which 
results in the following expressions forH : 
1, 2, 3,k l mH W C W A W I       [4] 
1, 2, 3, 1k l mW W W    [5] 
The total loss of life L depends on the number of people at a certain location multiplied by a 
unique mortality rates in  for these locations. ForH , the mortality rate Hn  is assumed to be 
equal to fatal car accidents. The number of people that did not reach the desired location tR  
is the difference between the total numbers of people in an area andD ; the mortality rate for 
this group is Rn . The total loss of life in a strategy is the following: 
3
,
1
( )H i V i R
i
L H n V n R n  

    [6] 
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The model described in the previous formulas is based on a deterministic approach. However 
at the moment of planning or decision-making these parameters are uncertain because the 
future is not known. Taking the uncertainty in these variables into account results in a better 
insight in the effectiveness of evacuation. Probabilistic analyses for the use of emergency-
inundation areas along rivers showed that in less then 20% of the events the decision could 
be made as foreseen in a deterministic approach (Stijnen 2007). Therefore, these variables are 
described as discrete variables that can have a selective number of values and a probability of 
occurrence.  
The available time for evacuation   is uncertain because of the uncertainty of forecasts and 
uncertainty in the moment of dike failure. Therefore, three classes are defined for : 1t  
describes the upper value of the period; 2t  describes a lower value of the period; and 3t  
describes the expected value of the period, and 1 2 3, and P P P , respectively, describe the 
probability for these moments. This results in the following expression: 
3 3
1 2
1 1
( ) 1
 
    i i i
i i
t P T T P in which  [7] 
The uncertainties are modelled with a stochastic discrete variable, which can have three 
values: expected value and a pessimistic and optimistic value. In Table 38 the uncertainties in 
variables in evacuation scenarios are presented. These results in 10 scenarios: the first 
scenario is the scenario with the expected values, in other scenarios one expected value is 
changed by one of the uncertainties. The table shows the variable that will be changed in the 
most likely situation to estimate the required time for evacuation and loss of life. These 
variables describe the willingness to evacuate, the load on the road network and the capacity, 
the use of this road network related accidents and experience of drivers and are related to the 
quality of measures that are implemented. For example when more effort is paid to crisis 
communication the scenarios that are based on a better citizen response becomes more 
important. 
 
Table 38: Uncertainty in state variables 1 5( ,..., )x x  
Variable  Expected value in the 
most likely scenario 
Uncertainties in additional scenarios 
1x Departure curve Total departure in 16 
hours 
Total departure in 8 
hours 
Total departure in 16 
hours 
2x Number of people in 
a car 
2.19 people/car (based 
on inhabitants / number 
of cars) 
3 people/car 1 people/car 
3x Average travel speed 20 km / hour 40 km / hour 2 km / hour 
4x Actual road capacity All roads are available Breakdown of 1 highway Breakdown of 1 local 
route 
5x Flow out rate at exit 
point 
0.2 0.3 0.1 
 
The state variable 6x  is related to the use of exits of the road network. It can have three 
values describe optimistic, pessimistic or medium scenarios for evacuation. For each other 
state variable 1 5( ,..., )x x , an optimistic 6,1x , pessimistic 6,2x  or expected 6,3x  route choice is 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
204 B. KOLEN  
defined as a specific class with a unique probability 5,1P , 5,2P  and 5,3P . The probabilities of 5,1P , 
5,2P  and 5,3P are 0.2, 0.2 and 0.6, respectively, when ,  and k l m  have a value of 2, 3 or 4. 
When ,  and k l m  have the value of 1, the probabilities of 5,1P , 5,2P  and 5,3P are 0.6, 0.1 and 
0.3, respectively, and when ,  and k l m  have the value of 5, the probabilities of 5,1P , 5,2P  and 
5,3P are 0.1, 0.6and 0.3, respectively. When uncertainties are modelled with a stochastic 
discrete variable equation 3 can be expressed as equation 8.  
3 3
5, 1 6 5,
1 1
( ( ,..., )) 1 
 
  i i
i i
H N P x x P in which  [8] 
The probability of each scenario j  is related to the parameters ,  and C A I and the actual 
conditions on a scale of 1 to 5 for ,  and k l m  and their respective 
probabilities 6, , 7, , 8, ,,  and j k j l j mP P P . H  can be defined using equation 4 using equation 9, 10 
and 11 for ,  and C A I : 
10 3
6, , 5, 1 6
1 1
( ( ,..., ))j k i
j i
C P N P x x 
 
   [9] 
10 3
7, , 5, 1 6
1 1
( ( ,..., ))j l i
j i
A P N P x x 
 
   [10] 
10 3
8, , 5, 1 6
1 1
( ( ,..., ))j m i
j i
I P N P x x 
 
   [11] 
 
12.3 Case study: implementation of EvacuAid for the 
Netherlands 
 
 
12.3.1 Evacuation model 
 
The Evacuation Calculator (van Zuilekom et al. 2005) was used to develop evacuation 
scenarios. This model is most suitable because it already contains road networkN , 
determines the required time for evacuation and offers flexibility to vary 
parameters 1 6( ,..., )x x . and the calculation time is limited. The Evacuation Calculator module is 
a standard for evacuation planning and risk analyses in the Netherlands and was developed 
for scenarios in large-scale areas (van Zuilekom et al. 2005). Many evacuation scenarios are 
already available (Friso et al. 2008; Kolen et al. 2008; Jonkman and Cappendijk 2006). Evacuees 
evacuate to safe places or shelters outside the traffic network. Although shelter locations can 
be defined it is known that most people take care of themselves. Therefore they first have to 
leave the exit points of the model.  
The Evacuation Calculator also contains possible optimistic and pessimistic scenarios for 
evacuation. Although the traffic models can be validated for normal conditions this is almost 
not possible for low frequency events as mass evacuation.  
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These scenarios therefore describe the range of possible events and show the impact of 
management of roads of crowds (van Zuilekom et al. 2005). The scenarios are: 
 Reference: inhabitants are assumed to be free in choice regarding their route for 
evacuation; 
 Nearest exit: evacuees are assumed to evacuate by heading to the nearest exit, 
regardless of capacity and use of this exit; 
 Advanced traffic management: evacuees are optimally divided over the available exit 
points, taking the capacity of these exit points into account. 
The results of the runs of the model for these scenarios result in the hierarchy of optimistic, 
medium and pessimistic scenarios. ‘Advanced traffic management’ is in most cases the most 
optimistic scenario. Depending on the characteristics of an area ‘nearest exit’ or ‘reference’ is 
the pessimistic or medium strategy.  
 
Because the Netherlands lacks experience with mass evacuation, these scenarios cannot be 
validated. In reality, all of them can occur, and the scenario that evacuates the most people is 
considered as the optimistic scenario 6,1x ; the second as the pessimistic scenario 6,2x ; and the 
last as the expected scenario 6,3x . The results of the scenarios are defined for 1, 2, 3 and 4 
days after the start of the evacuation.  
 
Reference scenario 
The model and scenarios developed for the Dutch national capability analyses by the Ministry 
of Interior. These models were also used in the risk analyses for optimal safety levels for the 
prevention of flooding (BZK and VenW 2008a) and actual flood risk(Jongejan et al. 2011)) were 
used as the reference (the most likely) situation. These scenarios all focus on the entire 
threatened area instead of a selected part as a dike ring area and are, therefore, most 
realistic.  
The most likely scenario, and other scenarios, takes non-cooperative behaviour into account, 
which assumes that 20% of the people will not adhere to the desired strategy as announced 
by the government. The remaining 80% of the population will follow the instructions of the 
government’s evacuation strategy. This 20% estimate is based on an enquiry by ‘TNS NIPO’ in 
the Netherlands and on what has been learned from experience during hurricane-induced 
evacuation in New Orleans (NIPO 2006). These reference scenarios are described in detail in 
other research (Kolen and Helsloot 2012b; Friso et al. 2011). 
 
Different location of vertical evacuation 
No literature provides the numbers for people that will evacuate to a certain destination in the 
Netherlands (e.g., public shelter, shelter in place) and how well they will be prepared. 
Although literature describes that non-cooperative behaviour exists and that the strategy will 
not be optimal with regards to shelters (Ng et al. 2010; Chiu 2002), forecasts of future 
responses are unknown. Based on events in for example New Orleans and Bangladesh figures 
can be defined however the local circumstances strongly for these areas are not equal to the 
Netherlands. Based on expert opinion it is estimated that 50% of those who evacuate vertically 
will move to a public shelter; 40% will shelter in place and take precautions; and 10% will 
shelter in place without these measures. 
 
Mortality rates 
The loss of life in the event of large-scale flooding is related to the amount of people in an 
area during the onset of a flood. Loss of life can be calculated by accounting for the local 
characteristics and the location of people (Jonkman 2007; Jonkman S.N. 2008). This research 
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uses the total number of people that are exposed during the onset of a flood and relates that 
to the water depth and water velocity. Literature about the number of loss of life in case of 
flood shows that a first estimation of mortality rates for coastal or river flooding is about 0.1-
1% of the total affected population (Jonkman and Vrijling 2008; Jonkman 2007; Boyd 2006), 
where the 0,1% is for a situation with multiple emergency measures. Other literature has 
shown that the probability of loss of life is also related to the local situation and age of 
persons(Jonkman et al. 2009; Kok et al. 2007; Sheldon D. Drobota 2007) and the circumstances 
when people get hit (Haynes et al. 2009b; Slager 2003; Jonkman et al. 2009; Jonkman and 
Kelman 2005; Kolen et al. 2010a). 
To compare the loss of life for different evacuation strategies, different locations are defined 
and an overall mortality rate is defined for this location. No detailed functions exist or are 
known that relate loss of life to a specific type of location.  
 
Based on the literature above and expert opinion mortality rates are estimated for the Dutch 
situation. These mortality rates have been applied to the number of people that live in each 
dike ring area taken into account the consequences of evacuation. These results for the most 
critical dike ring are (dike ring 14) area have been compared with results of a fully 
probabilistic flood risk assessment for the current situation which showed similar numbers for 
loss of life (Jongejan et al. 2011). The expected number of loss of life for dike ring area 14 is 
within the same range. Therefore it is concluded to following values seem reasonable 
estimations: 
 0.001% mortality rate for those who leave the area preventively (e.g., car accidents). 
This rate will be applied to H ; 
 0.3% mortality rate for those who shelter in place and take precautionary measures: 1V ; 
 0.7% mortality rate for those who shelter in place and do not take precautionary 
measures: 2V ; 
 0.1% mortality rate for those who evacuate vertically to a public shelter or safe haven: 
3V ; 
 1% mortality rate for those who are not in the above locations (e.g., in a car when they 
get hit): tR . 
These mortality rates estimate the total number of people who lose their life due to a flood 
event, these include the rescue operation). More research about these mortality rates is 
recommended; when the method is applied in other areas the mortality rates must be 
reconsidered for the local situation. 
 
Probabilities and expert opinion 
Each scenario contributes to the expected success of the evacuation. No literature or data are 
available regarding this contribution. Therefore, the values of 6, , 7, , 8, ,,  and j k j l j mP P P  and 
1, 2, 3,,  and k l mW W W are estimated by fifteen experts with at least three year experience in the 
field of forecasting, flood risk analyses, evacuation management, citizen response and 
emergency management. Therefore the standard Delphi method is applied as a forecasting 
procedure because this method structures group processes so that the process is effective in 
allowing a group of individuals, as a whole, to deal with complex problems(Linstone and Turoff 
1975). Each expert made a first blind estimation of the probabilities. These estimations were 
discussed among the experts and after discussion each expert could make a new estimation 
using new arguments. This resulted in estimation in mean values of the probabilities (mean 
scores of all participants) as presented Table 39 for 6, , 7, , 8, ,,  and j k j l j mP P P  and Table 40. The 
probability 4,1P  for the expected time available for evacuation and decision making until the 
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moment of dike breach 1t  was estimated to be 0.7. The probability 4,2 4,3 and P P  for a time 
period of 1 day more ( 3t ) or less ( 2t ) were both estimated to be 0.15 for 1, 2, 3,,  and k l mW W W . 
This method is further described and analysed by Crow and Wright (Rowe and Wright 1999).  
 
Table 39: 6, , 7, , 8, ,,  and j k j l j mP P P : the probability of each scenario j  related to ,  and C A I and 
,  and k l m  in the application of EvacuAid in the Netherlands 
Evacuation scenario Citizen response (C) 
 ,  and k l m  
1 2 3 4 5 
Reference  0.25 0.36 0.48 0.39 0.30 
Departure curve Departure in 8 hours 0.15 0.11 0.08 0.09 0.10 
Average load of traffic 3 persons / car 0.25 0.16 0.08 0.04 0.00 
1 persons / car 0.00 0.04 0.08 0.14 0.20 
Average travel speed 40 km / hour 0.25 0.16 0.08 0.04 0.00 
2 km / hour 0.00 0.04 0.08 0.14 0.20 
Capacity of outflow of an 
area 
Factor 0.3 (+ 50%)      
Factor 0.1 (-50%)      
Average road capacity Breakdown of a highway 0.05 0.06 0.08 0.09 0.10 
Breakdown of a regional way 0.05 0.06 0.08 0.09 0.10 
 Evacuation scenario Environment and infrastructure (I) 
 ,  and k l m  
1 2 3 4 5 
Reference  0.20 0.33 0.45 0.33 0.20 
Departure curve Departure in 8 hours      
Average load of traffic 3 persons / car      
1 persons / car      
Average travel speed 40 km / hour 0.35 0.23 0.10 0.05 0.00 
2 km / hour 0.00 0.05 0.10 0.20 0.30 
Capacity of outflow of an 
area 
Factor 0.3 (+ 50%) 0.25 0.18 0.10 0.05 0.00 
Factor 0.1 (-50%) 0.00 0.05 0.10 0.15 0.20 
Average road capacity Breakdown of a highway 0.10 0.09 0.08 0.11 0.15 
Breakdown of a regional way 0.10 0.09 0.08 0.11 0.15 
 Evacuation scenario Response of authorities (A) 
 ,  and k l m  
1 2 3 4 5 
Reference  0.25 0.39 0.53 0.41 0.30 
Departure curve Departure in 8 hours 0.15 0.11 0.08 0.14 0.20 
Average load of traffic 3 persons / car 0.25 0.18 0.10 0.05 0.00 
1 persons / car 0.00 0.05 0.10 0.18 0.25 
Average travel speed 40 km / hour      
2 km / hour      
Capacity of outflow of an 
area 
Factor 0.3 (+ 50%) 0.35 0.23 0.10 0.05 0.00 
Factor 0.1 (-50%) 0.00 0.05 0.10 0.18 0.25 
Average road capacity Breakdown of a highway      
Breakdown of a regional way      
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
208 B. KOLEN  
Table 40: 1, 2, 3,,  and k l mW W W in the application of EvacuAid in the Netherlands 
Parameter Conditional 
probability 
Parameter Conditional 
probability 
Parameter Conditional 
probability Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Citizens’ response 
Response of authorities 
Environm
ent and infrastructure 
Max Max Max 0.5 0.25 0.25 Ave Max Max 0.3 0.4 0.3 Min Max Max 0.5 0.25 0.25 
Max Max Ave 0.4 0.2 0.4 Ave Max Ave 0.3 0.4 0.3 Min Max Ave 0.4 0.3 0.3 
Max Max Min 0.4 0.2 0.4 Ave Max Min 0.3 0.4 0.3 Min Max Min 0.4 0.3 0.3 
Max Ave Max 0.4 0.2 0.4 Ave Ave Max 0.3 0.2 0.5 Min Ave Max 0.4 0.3 0.3 
Max Ave Ave 0.6 0.2 0.2 Ave Ave Ave 0.33 0.33 0.33 Min Ave Ave 0.6 0.2 0.2 
Max Ave Min 0.4 0.3 0.3 Ave Ave Min 0.3 0.2 0.5 Min Ave Min 0.4 0.2 0.4 
Max Min Max 0.4 0.3 0.3 Ave Min Max 0.3 0.4 0.3 Min Min Max 0.4 0.2 0.4 
Max Min Ave 0.4 0.3 0.3 Ave Min Ave 0.3 0.4 0.3 Min Min Ave 0.4 0.2 0.4 
Max Min Min 0.5 0.25 0.25 Ave Min Min 0.3 0.4 0.3 Min Min Min 0.5 0.25 0.25 
 
 
12.3.2 Results of EvacuAid 
 
EvacuAid was applied for three dike-ring areas in The Netherlands: 
1. South Holland, dike ring area 14 along the Western Coast: One of the largest dike-ring 
areas along the coast with the highest economic value in the Netherlands. The 
impossibility of a preventive evacuation is often addressed in literature (Jonkman 2007; 
Barendregt et al. 2005); 
2. Friesland and Groningen, dike ring area 6 along the Northern Coast: Large dike-ring area 
along the coast in the Netherlands, but less populated than South Holland; 
3. Rivierenland, dike ring area 43 along the River Rhine: Large dike-ring area in a river area.  
 
presents the expected loss of life in case of preventive evacuation for 
1, 2 and 3 days      and for different values of ,  or k l m . Table 42 presents the results for 
vertical evacuation in the same manner. A value for ,  or k l m higher than 3 is a more 
pessimistic situation than the expected situation for the parameters ,  and C A I . A value less 
than 3 is an optimistic situation. These insights can be used to prioritize the use of means.  
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Table 41: Loss of life (rounded to tens) in case of preventive evacuation 
Number Dike ring area 
 
k, l, m
 
Dike ring area 14 Dike ring area 6 Dike ring area 43 1
4 
6 43 
Only the value for Citizen response (C), Response of authorities (A) or 
Environment and infrastructure (I) has been changed based on the 
average situation (k, l and m = 3). 
C, A and I all have the 
same value for k, l and 
m 
C A I C A I C A I 
 ° 3 days 
1 680 730 730 60 60 60 100 110 100 470 40 90 
2 890 870 890 70 70 70 110 110 110 720 60 100 
3 960 960 960 80 80 80 120 120 120 960 80 120 
4 1040 1060 1040 90 90 90 130 140 130 1220 110 160 
5 1240 1190 1200 120 110 110 170 170 160 1460 150 220 
              
 ° 2 days 
1 1120 1110 1140 100 110 100 120 130 130 940 70 90 
2 1260 1230 1250 130 120 130 150 150 150 1130 100 120 
3 1310 1310 1310 140 140 140 160 160 160 1310 140 160 
4 1370 1390 1370 150 160 150 180 190 180 1520 190 240 
5 1530 1490 1500 190 180 180 250 250 230 1700 230 330 
              
 ° 1 days 
1 1660 1650 1670 240 240 250 300 330 300 1580 200 240 
2 1730 1710 1720 280 270 270 360 360 350 1660 250 310 
3 1750 1750 1750 290 290 290 380 380 380 1750 290 380 
4 1780 1790 1790 300 300 300 420 430 410 1860 320 500 
5 1860 1840 1850 320 320 320 510 480 490 1950 360 600 
 
The results in Figure 42 show the consequences of a better or worse performance of citizen 
response, response of authorities and the use of infrastructure ( ,  and C A I ) as a function of 
 from 1 day to three days (equal to the length of the used evacuation scenarios in the 
database). The results also show that the available time  influences loss of life more 
than ,  and C A I . Theoretically when  long enough, a preventive evacuation will finally result 
in less fatalities then a vertical evacuation in all situations. This is because the mortality rate 
for those who leave the area preventive is less than the mortality rate of all other locations. 
However the value of   is limited because forecast are not available and no decision are 
made about evacuation because of the consequences (see Table 3). When   is very limited, a 
vertical evacuation might results in less loss of life then preventive evacuation. The moment 
when a preventive evacuation results in the same loss of life as a vertical evacuation is called 
the “Evacuation Dilemma Point”. The moment when this Evacuation Dilemma Point occurs 
depends strongly on the characteristics of the local area (e.g., the number of people, available 
roads) and the performance of the citizen response, the authority response and the use of 
infrastructure.  
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Table 42: Loss of life (rounded to tens) in case of vertical evacuation 
Number Dike ring area 
 
k, l, m
 
Dike ring area 14 Dike ring area 6 Dike ring area 43 14 6 43 
Only the value for Citizen response (C), Response of authorities (A) or 
Environment and infrastructure (I) has been changed based on the average 
situation (k, l and m = 3). 
C, A and I all have the 
same value for k, l 
and m 
C A I C A I C A I  
 ° 3 days 
1 540 550 540 130 130 130 290 290 290 530 130 290 
2 550 550 550 130 130 130 290 290 290 540 130 290 
3 560 560 560 130 130 130 290 290 290 560 130 290 
4 570 570 570 130 130 130 290 290 290 600 130 290 
5 600 600 570 130 130 130 290 290 290 640 130 290 
                          
 ° 2 days 
1 560 570 560 130 130 130 290 290 290 540 130 290 
2 580 580 580 130 130 130 290 290 290 560 130 290 
3 590 590 590 130 130 130 290 290 290 590 130 290 
4 610 610 610 130 130 130 290 290 290 650 130 290 
5 650 640 650 140 130 140 300 290 300 700 140 300 
                          
 ° 1 days 
1 750 770 760 170 170 170 380 380 380 710 170 370 
2 800 800 800 170 170 170 380 380 380 760 170 380 
3 820 820 820 180 180 180 380 380 380 820 180 380 
4 830 840 840 180 180 180 380 380 390 870 180 390 
5 880 860 870 180 180 180 400 390 400 930 190 410 
 
For dike ring 14, only in a few of all possible events a preventive evacuation will result in less 
loss of life then vertical evacuation. Figure 42 shows that only when   is 3 or more days, and 
when ,  or k l m  have all the value of 1 which is the most optimistic situation a preventive 
evacuation (470 fatalities) results in less loss of life then vertical evacuation (530 fatalities). 
Only in 15% of all possible events   is three days or more as also shown in Figure 42.  
For all other circumstances that have been examined in dike ring 14, a vertical evacuation will 
result in less loss of life even when   is three days. Because of extreme weather conditions 
some time might not be available for evacuation (Maaskant et al. 2009), this time will reduce 
the available time for evacuation. When for example 2T is 24 hours as used for a worst 
credible flood) for dike ring area 14 the decision for evacuation has to be made 4 days before 
the possible dike breach if   has to be 3 days. In that case a preventive evacuation only 
results in less loss of life than vertical evacuation in 5% of all possible events. A vertical 
evacuation is therefore the preferred strategy for dike ring 14, although this strategy still 
contains a preventive evacuation of 20% of the population.  
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Figure 42: Expected loss of life in dike ring 14 for vertical and preventive evacuation when   is 1 to 3 days for 
different circumstances (best case when ( ,  or k l m have value 1), a worst case (value 5) and average 
situation value 3)) related to the probability distribution of the available time for evacuation 
Other areas show different outcomes with respect to the best evacuation strategy (vertical or 
preventive) and the dilemma point. For dike ring 6 (Figure 43), the Dilemma Point in an 
average situation occurs after an approximately  of 2 days, and the probability of this 
window of time for evacuation is 50%. Preparation for evacuation should therefore take 
preventive evacuation as well as vertical evacuation into account. In case a real event decision 
makers have to select the best strategy based on the actual circumstances (with actual values 
for   and ,  or k l m . For dike ring 43 (Figure 43) the dilemma point for an average situation is 
after about 1 day, a preventive evacuation seems more attractive for most events.  
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Figure 43: Expected loss of life in dike ring 6 (left) and 43 (right) for vertical and preventive evacuation when 
  is 1 to 3 days for different circumstances (best case when ( ,  or k l m have value 1, a worst case, an 
optimistic and average situation) related to the probability distribution of the available time for evacuation 
The figures also show that the success of a preventive evacuation is more sensitive for 
changes in , ,  and C A I than vertical evacuation. This sensitivity occurs because preventive 
evacuation focuses on the removal of people in the threatened area. People who are hit by a 
flood during the evacuation are most vulnerable. The figures also show that an increase in 
time for evacuation   is more effective than an increase in the quality ,  and C A I . 
Additionally, loss of life is never reduced to zero because 20% of the people will use vertical 
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evacuation in the case of a preventive evacuation and because of loss of life during 
transportation. The sensitivity for vertical evacuation for , ,  and C A I is caused by the group 
of people (20% of the population) that still use preventive evacuation preventive in these 
scenarios. 
 
 
12.4 Case study: Evacuation fraction and impact of 
investments for the Netherlands 
 
The EvacuAid method can be used to define the consequences of investments in evacuation 
during the planning and design phase. More people can evacuate in a certain window of time, 
and the loss of life will decrease. The effectiveness of investments to increase effectiveness of 
evacuation or measures in case of a crisis is shown by the number of people that can reach a 
safe location as well as the number of lives lost, both as a function of time. Investments can 
also influence the available time for evacuation as shown in Table 3 for the reference 
situation.  
 
Three different types of investments in evacuation are considered, focusing only on preventive 
evacuation in this section: 
 Improvements in the organisation of emergency management; 
 Increase of road capacity for evacuation; 
 Increase of emergency personnel for evacuation. 
 
This case study defines the evacuation fraction after these investments and discusses the 
costs of these investments.  
 
 
12.4.1 Reference situation 
 
The evacuation fraction is defined with EvacuAid for the required time for evacuation and the 
probability distribution of the available time for evacuation (see Table 3). The evacuation 
fractions assessed with EvacuAid give equal results as defined for cost benefit analyses for the 
Netherlands WV21 (Kind 2011; Maaskant et al. 2009). EvacuAid assesses slightly lower 
evacuation fractions because more scenarios are taken into account as well as uncertainties.  
 
 
12.4.2 Evacuation fraction after improvements in emergency management and 
road capacity 
 
Improvements in the effectiveness of preventive evacuation in the organisation of emergency 
management and the increase of the road capacity are defined using EvacuAid. For the 
investments in the organisation of emergency management, two levels of goals are 
considered: 
 Medium improvement: ,  or k l m  are equal to 2 in combination with an increase in the 
available time by 24 hours for river areas and 12 hours for coastal areas because of the 
more efficient process of decision making and improvements in the process of early 
warning; 
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 Maximum improvement (upper limit): ,  or k l m  are equal to 1 (best-case situation) in 
combination with an increase in the available time by 24 hours because of more 
efficient process of decision making and improvements in process of early warning (see 
Table 43 for the estimated probability distribution). 
To obtain more insight into the effectiveness of the increase of the available time (by the 
combination of decreasing time needed for decision making as well as improving forecasts) 
and the relationship between authorities, citizens’ response and the effectiveness of 
operational measures that influence the traffic these two elements have been considered 
separately as well. It is shown that an increase in available time is in most cases fare more 
attractive to reduce loss of life than improvements planning, citizens’ response and further 
optimisation of infrastructure.  
 
Table 43: Probability distribution time for evacuation based on forecasts and decision making after 
investments in emergency management 
Time I Southwest 
region with 
tidal inlets 
and islands & 
Zeeuws 
Vlaanderen 
II 
Central 
connected 
coast 
III IJsselmeer 
lake district 
IV Northern 
region with 
Wadden Sea 
coast  
V  
Upper river 
course 
Rhine 
V  
Upper river 
course 
Meuse 
VI  
lower tidal 
courses of 
river Rhine 
and Meuse
No time  5% 5% 10% 5% 5% 5% 15% 
1 day 10% 10% 20% 10% 10% 10% 25% 
2 days 40% 45% 35% 15% 20% 40% 45% 
3 days 45% 25% 35% 45% 45% 45% 15% 
4 days  10%  20% 20%   
5 days  5%  20% 5%   
 
Table 44 shows the consequences of the investments in evacuation planning (appendix D 
presents the underlying model results). Figure 44 shows the increase of the evacuation 
fraction for best case preventive evacuation and the final evacuation fraction.  
 
The evacuation fraction increases to approximately 85% for river areas. The maximum 
evacuation fraction is 90% because of the assumption that 10% will stay in the area. The 
reaming 5% is related to the impact of unforeseen events. For coastal areas, the evacuation 
fraction can increase by 20% or more. For the lower tidal area, in the case of coastal flooding, 
the increase in the evacuation fraction is limited because of the large probability of 
unforeseen events.  
Table 44 also shows the impact of the time element of evacuation. The increase in the time 
element is far more effective than the increase in the other elements, such as the citizen 
response, authorities and environment. Therefore, it can be concluded that improvements in 
the organisation of emergency management are most effective when these result in a faster 
process of decision making. In fact, the time needed for phase 1 and 2 for evacuation should 
be minimised.  
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Figure 44: Evacuation fraction (left) in the Netherlands according to EvacuAid with best case preparation and 
the increase in evacuation compared to the reference situation 
Table 44: Evacuation fraction (preventive evacuation only) after investments in emergency management for a 
medium and maximum approach 
 Reference Medium Maximum Medium 
without 
additional 
time 
Maximum 
without 
additional 
time 
V Upper river course Meuse 68% 82%  85%  72% 75%  
V Upper river course Rhine 73% 83%  84%  76% 78%  
IV Northern region with Wadden 
Sea coast  37% 50%  62%  42%  46%  
II Central connected coast 12% 24%  35%  14% 16%  
Ia Zeeuws Vlaanderen& 30% 47% 63% 32% 34% 
Ib Southwest region with tidal 
inlets and islands  26% 44%  61%  29% 32%  
III IJsselmeer lake district 51% 60% 68% 54%  57% 
VIa lower tidal courses of river 
Rhine and Meuse (river flooding) 
73% 83%  84%  76%  78%  
VI lower tidal courses of river 
Rhine and Meuse (coastal flooding) 
4% 10%  16%  5%  5%  
 
To get insight in the effectiveness of an increase in traffic-infrastructure capacity the 
consequences of 5% and 20% increase of the traffic infrastructure capacity is assessed. A 
linear relationship is assumed with the increase of the number of people that can evacuate. 
This is an optimistic approach because, in reality, congestion in the evacuation and 
organisation zone might influence increase of the number of people that can evacuate. In 
addition, decision makers can delay their decisions when more road capacity is available 
(especially because the tendency to delay decisions was already shown in the survey as 
section 5 and illustrated by the exercise Waterproef). The costs of additional road capacity 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
216 B. KOLEN  
(purely for low-frequency evacuation) are very high compared to the organisation of 
emergency management.  
 
Table 45 shows the increase of the evacuation fraction due to additional road capacity. A 5% 
increase of road capacity is more or less equal to a medium improvement of the organisation 
of emergency management without the additional time for evacuation. A 20% increase of road 
capacity increases the evacuation fraction for most for river areas, and the evacuation fraction 
can increase up to 88%. For North and South Holland, as for other coastal areas, it is shown 
that additional road capacity hardly influences the evacuation fraction at all. This is because 
the increase in the number of people that can evacuate is mainly based on windows of time 
with a low probability.  
 
Table 45: Evacuation fraction (preventive evacuation only) after investments in additional road capacity for 
evacuation 
 Reference 5% additional 
road capacity 
20% additional 
road capacity 
V Upper river course Meuse 68% 72% 82% 
V Upper river course Rhine 73% 77% 88% 
IV Northern region with Wadden Sea coast  37% 39% 45% 
II Central connected coast 12% 13% 15% 
Ia Zeeuws Vlaanderen&  30% 32% 37% 
Ib Southwest region with tidal inlets and islands 26% 27% 31% 
III IJsselmeer lake district 51% 53% 61% 
VIa lower tidal courses of river Rhine and Meuse 
(river flooding) 
73% 77% 88% 
VI lower tidal courses of river Rhine and Meuse 
(coastal flooding) 
4% 4% 5% 
 
The capacities of emergency organisation in the Netherlands are based on a on average once 
in a five to ten year emergency event (AGS 2008). An evacuation event is estimated as a once 
every 200 years event, and the frequency of a flood event is far less. Even when the capacity 
of emergency services doubles, this capacity will be by far too low compared to the required 
capacity to fulfil all needs (BZK and VenW 2008a). The ability for the emergency services to 
prevent loss of life is further reduced because the overload of traffic-infrastructure and the 
location of loss of life cannot be planned in advance. This makes it more difficult to move 
from one place to another if required. Therefore, it is concluded that additional personnel for 
emergency services to execute evacuation strategies hardly influences the evacuation fraction, 
except when the increase in personnel is exceptional. However, this is not expected because 
these additional services will only be used for extreme events, such as the current capacities 
already foresee in daily tasks and up to once in ten year emergency events. 
 
 
12.4.3 Costs of improvements in emergency management 
 
The costs of investments in the organisation of emergency management are in general less 
than the costs for investments in road capacity. The costs for the organisation of emergency 
management, on a national level and not related to dike ring areas as in section 9, are related 
to additional attention to emergency planning, emergency structure, training and exercises 
and research. These investments do not require investments in additional emergency services 
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or equipment. For example the budget of the Taskforce Management Flooding for a two year 
period with an increase in attention to emergency management is estimated as less than 20 
million €. The costs for additional road capacity are estimated at 5 million € per lane for one 
kilometre for a new highway. These costs are based on figures for the development of the 
highway A4, see (A4MiddenDelfland.nl 2012). The increase in road capacity can also have 
benefits in normal situations, which are not taken into account. The costs for additional 
emergency personnel can be assumed to be 0.1 million € per person per year.  
 
 
12.4.4 Summary of results 
 
This section on improvements in emergency management shows that the evacuation fraction 
can increase by several investments. However, an evacuation fraction of 100% is in the 
examples in this thesis not possible because of those who will chose to stay in the area and 
because of uncertainties. Because of unforeseen events, there is always a probability that 
people cannot evacuate (even if they want to evacuate).  
 
Investments in the organisation of emergency management seem more cost effective than 
investments in additional road capacity or personnel and resources. Specifically, investments 
that increase the available time for evacuation because of better forecasts and decrease the 
time needed for decision making seem effective. 
 
In section 9 it was already concluded that in a multi-layer approach only limited investments 
in emergency management were part of an optimal (cost effective) mix of measures. The 
investments in road capacity or emergency personnel as considered in the examples of this 
section are in general not a part of the optimal mix using an economic approach. Investments 
in for example additional capacity of the road network might reduce the risk, however when 
this budget is invested in reinforcement of levees the reduction of risk is far more.  
 
 
12.5 Concluding remarks 
 
In the case study for the Netherlands, it is shown that the combination of the available time 
for evacuation and the required time related to a strategy are most important. For the 
Netherlands, in the case of flood risk, preparation for an evacuation should focus on a vertical 
evacuation in addition to a preventive evacuation. 
Combining the results of EvacuAid with the lead-time due to forecasts shows the need to 
prepare for vertical or preventive evacuation in an area or for both strategies. A preventive 
evacuation will result in less loss of life than vertical evacuation in case of enough time; a 
vertical evacuation might result in less loss of life than preventive evacuation when time is 
limited. The optimal evacuation strategy depends on the area and the adaptive use of 
infrastructure, citizen response and response of authorities and the threat and impact 
scenario. 
The Dilemma Point describes the moment when a preventive evacuation results in the same 
number of loss of life then a vertical evacuation. When more time is available for evacuation a 
preventive evacuation will result in less loss of life, when less time is available a vertical 
evacuation will result in less loss of life. Using forecasts and the knowledge about the actual 
circumstances and implemented measures, in a real event the strategy can be chosen for an 
area that minimizes loss of life.  
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While planning for mass evacuation this (expected) Dilemma Point can be defined and related 
to statistics of lead time. The need to plan for vertical and preventive evacuation becomes 
clear. When the lead time is always more than the moment when the Dilemma Point occurs 
preparation can focus on preventive evacuation. The Dutch case however shows that the lead 
time for an area could be more or less than the Dilemma Point. For these areas planning for 
both strategies for evacuation is relevant. For some areas, as dike ring area 14, even very 
optimistic lead time (a best case scenario) is almost equal to the Dilemma Point.  
Preparation with a strong focus on preventive evacuation limits a possible reduction of loss of 
life as can be achieved using other strategies. When because of the circumstances it is 
decided for preventive evacuation In this case the real circumstances will not meet the 
circumstances as assumed in preventive evacuation planning loss of life can increase when 
still the preventive evacuation is urged but the authorities, also the effectiveness of other 
strategies depend on the improvisations and knowledge of the involved stakeholders. 
  
Emergency planning for mass evacuation requires adaptive planning based on uncertainties 
and a probabilistic approach because the next flood event and benefits of evacuation cannot 
be defined in advance. Preparation for vertical evacuation can be used as a basic strategy for 
evacuation planning, in addition to the preventive evacuation planning. For the Netherlands, 
basic (defined) strategies can be used for adaptive planning to minimise the loss of life: a 
preventive evacuation and vertical evacuation as prepared for each local area. Preparing for 
preventive evacuation in addition to vertical evacuation provides the opportunity for adaptive 
planning. First, preparations are made for a plan A (vertical evacuation), when time is 
available plan B (preventive evacuation) can be used.  
The actual strategy in the case of an event can be developed based on the actual conditions 
and forecasts to minimise the loss of life, which means minimising the possibility that people 
will be hit by a flood during an evacuation in combination with the safest location related to 
the impact and actual circumstances.  
 
Figure 45 shows the conceptual description for evacuation as introduced in Figure 16. Now this 
conceptual description is redesigned (see the bold blocks), vertical evacuation is defined as 
the basic strategy which is automatically conducted after a warning. All authorities and 
citizens can start to prepare for vertical evacuation or shelter in place if needed, if possible 
authorities can evacuate some areas preventive. This assessment will be made during phase 1 
and can be implemented during phase 2 if possible.  
 
The EvacuAid method has been developed to compare different evacuation strategies and to 
relate the possible success of evacuation to other parameters (e.g., the probability of the flood 
event, the economic consequences). EvacuAid supports decision makers during the situation 
when a mass evacuation must start before a flood event and also applies for emergency 
planning. The method applies for evacuation in which the time needed for transportation is 
significant (compared to the time needed to prepare for evacuation).  
The current probabilities, weights and mortality rates are estimated by experts using a Delphi 
approach. This requirement of experts is also the weakness of the method. For a location such 
as the Netherlands where a flood is a low frequency event, mass evacuation for flooding is a 
unique event. Even in other areas that face a mass evacuation more frequent there is a lack of 
data and statistics for mass evacuation and after each event the system will be updated after 
implementations of improvements. An example is New Orleans where measures were taken 
after several hurricanes as Ivan and Katrina. Scenarios and their probabilities must be 
reconsidered over time after an evacuation experience or new knowledge.  
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To improve the relevance for emergency planning and decision-making, a common 
understanding and level of acceptance is required. For successful implementation, an agreed 
upon standard is recommended for how to use the scenarios and how to use the measures 
that contribute to the success of the evacuation. A standard approach creates the conditions 
for connected and adaptive emergency planning. The planning of multiple organisations can 
be connected in an overall plan based on decision trees.  
 
A case study for the Netherlands shows that investments that increase the time for phase 3 
(by improvements in early warning and reduction of the time needed for decision making) can 
increase the evacuation fraction significantly. 
However, none of the measures results in a 100% score for evacuation. The evacuation fraction 
for the area of South Holland, for example, will not exceed 35% even in a best-case situation 
for emergency preparation. For river areas, the evacuation fraction can increase to a few % 
below the upper limit because of unforeseen events.  
 
The method EvacuAid can be further improved to make better predictions when more insight 
is obtained into the probability of several possible scenarios for evacuation and the costs and 
benefits of the measures. Because the traffic models are not validated for mass evacuation in 
low-frequency events, these strongly depend on expert judgement (as do deterministic 
scenarios). However, the probabilistic approach gives insight in the effectiveness of several 
measures (planning, risk communication, traffic management, forecasting, etc.) and can 
therefore be used to give direction to further improvements based on the local characteristics 
of an area. Because of a lack of experience, the probabilities have to be evaluated over time to 
take changes in the environment and planning or risk perception into account as well as to 
implement lessons learned from evacuations carried out elsewhere. In general, more research 
is needed for the mortality rates at different locations inside the flood zone. More research is 
also needed on the consequences of a better risk perception and the use of shelters with 
regard to the loss of life. It is also recommended that the estimated probabilities and 
scenarios are reassessed over time to keep them up to date; this can be combined with 
inspection intervals of levees, for example. 
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Figure 45: Conceptual description of evacuation when vertical evacuation and shelter in place is considered as 
the basic (autonomous) strategy and preventive evacuation is considered as a bonus 
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13 Overall strategy building for mass 
evacuation: Strategy builder 
 
 
Abstract 
This section describes a modular approach – strategy builder - to develop and decide on 
evacuation strategies for large-scale flood events with multiple stakeholders, this approach 
can also be used for other threats. Using building blocks for different types of evacuation for 
independent areas and the capacities of overall evacuation routes and of emergency services 
to develop evacuation strategies for the evacuation and organisation zone. The approach 
foresees in the required information for top strategic decision making as indicated in the 
survey among decision makers: the positive consequences in the case of a flood event 
(reduction of loss of life), the negative consequences because of the possible strategy 
(damage, loss of life) and the probability for the event are shown. 
This section also discusses the use of international assistance to extend the available 
capacities of emergency services. Because of the procedures and time needed for 
transportation, the use of international assistance for evacuation is limited.  
This section also discusses the evacuation of people with special needs. Evacuation of people 
with special needs is not without additional risk because they are more vulnerable in the 
case of a flood. A method to compare strategies for evacuation of people with special needs 
with regard to loss of life is defined. A case study is conducted for hospital evacuation. Loss 
of life because of evacuation and a flood increases when travel times for preventive 
evacuation increases and the logistic lines needed to operate a hospital are less functional. It 
is shown that a preventive evacuation is not always the best strategy, shelter in place 
combined with additional measures result in less expected loss of life. This is because of the 
frequency of flooding related to the frequency of evacuation and because of the size of the 
threatened area related to a possible flood. The preparations made for shelter in place will 
also have benefits for other disasters as electricity failure.  
 
REFERENCE  
Section 13.2 and 13.3 is based on a conference paper for ‘International Conference on Flood 
Resilience: Experiences in Asia and Europe’ in 2013: Adaptive evacuation planning for flood risk 
management (B. 2013). 
Section 13.4 is based on a conference paper for Flood Recovery, Innovation and Response II in 2010 
‘EU FloodEx 2009: An analysis of testing international assistance during a worst credible flood scenario 
in the North Sea area’ (Beerens et al. 2010). 
 
 
13.1 Introduction 
 
In the case of large-scale evacuation, multiple stakeholders (authorities and citizens) are 
confronted by the same threat and the consequences of the decisions of others. When each 
stakeholder implements measures without an understanding of the measures and 
consequences of others, the sum of all measures will not be as efficient as possible on the 
overall scale of the evacuation. Even worse, some measures might be contra effective. 
Connected planning means that the authorities are aware of the consequences of their 
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measures and of the measures of others, including citizens. During top strategic decision 
making, the authorities can create an evacuation mode (see section 3) can be created. 
 
This requires an understanding of the technical elements of evacuation (‘threat & impact’ and 
‘Environment and traffic infrastructure’) as well as the more social elements (‘decision making 
by authorities’ and ‘citizens’ response’). After detection of a threat and an assessment of all 
elements for evacuation, the strategies for evacuation (including alternatives) can be 
developed. Different objectives can be defined as minimising the loss of life or economic 
damage or both.  
The Strategy Builder is developed for large scale evacuation that affects multiple areas and 
when capacities for emergency services and traffic infrastructure are limited. The approach 
focuses on the overall planning process for the evacuation zone (threatened area and, if 
needed, the areas where shadow evacuation is expected) and organisation zone and the 
relationship between the involved stakeholders during the transition phase, as described in 
3.3. The strategy builders supports: 
 The go no go decision for evacuation (per area); 
 The interaction between evacuation of different areas; 
 The selection of possible strategies for evacuation (per area); 
 Reallocation of (external) assistance and the call for international assistance; 
 The use of evacuation routes that connects these areas. 
 
The development of connected evacuation planning can be done using evacuation bricks of 
different areas that are combined with network capacities of evacuation routes that connects 
the areas in the evacuation and organisation zone and assistance which can be added (as the 
army for example). An evacuation brick describes per type of evacuation the effectiveness of 
evacuation in an area as a function of time and given de consequences of a disaster as a 
flood. An area can be a community or region for which the same type of evacuation will be 
conducted. EvacuAid can be used to develop different evacuation bricks for vertical evacuation 
(plan A) and evacuation brick for preventive evacuation (plan B) during the planning and 
design (phase 0 of evacuation). After detection of the disaster during phase 1 of evacuation 
(warning, detection and recognition) evacuation strategies for the entire evacuation and 
organisation zone can be developed. In this approach two steps of “strategy building” are 
defined: 
 First assessment of preferred strategies; for each area, a preferred strategy (plan A) can 
be selected based on the evacuation-bricks developed during the phase of planning and 
design. An assessment taking into account the overall consequences gives insight into 
the possibility of whether the combination of the plan A’s of all areas is possible given 
the actual conditions. If not possible a second assessment can be performed to develop 
other strategies than the combination of plan A; 
 Second assessment; strategies are formed based on combinations of (still realistic, 
based on the actual conditions) plan A, B, etc. of different areas. These strategies are 
optimised given the defined objectives and the actual conditions. During this 
assessment, emergency planners can also anticipate uncertainties, the citizens’ 
response and even the response of authorities.  
 
As already discussed in 7.4.4 people with special needs are more vulnerable during evacuation 
and a flood. The optimal strategy to evacuation people with special needs might be different 
from the optimal strategy of those without these needs. This is because the mortality rate of 
those with special needs is different and even depends in the specific needs. Therefore, in 
13.5, special attention is paid to strategy choices for evacuation of people with special needs.  
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13.2 Methodology “Strategy Builder Evacuation” 
 
 
13.2.1 Requirements for strategy building 
 
The requirements for a modular evacuation planning method are defined in expert meetings 
with regional (Safetyregions) and national evacuation planners (traffic management centres, 
national police, national operational centre, national crisis centres) in the Netherlands in three 
expert sessions.  
 
To obtain a better understanding about evacuation planning in these expert sessions, a 
serious game has been developed. This game focuses on strategy building for evacuation and 
creates a better understanding about the consequences of evacuation when the threatened 
area holds multiple areas and the consequences of connected planning. The serious game was 
used as a support tool for the experts to define user requirements for a strategy builder. The 
design of the game is based on experience with EvacuAid and the decision making process as 
discussed in this research. 
 
SERIOUS GAME FOR STRATEGY BUILDING 
The game focuses on an event in which four areas are threatened by flooding and have to be 
evacuated. These four areas have to use the same highway for evacuation, and some additional 
external assistance (as the army) is available for evacuation. A complete preventive evacuation within 
the available window of time is not possible. In additional the road capacity of the highway and the 
capacity of emergency services and assistance are limited as well.  
 
For each area, four different strategies for evacuation and the consequences in terms of the loss of 
life, required assistance and the contribution to the traffic load on the highway were defined as 
possible alternatives: 
 Preventive evacuation with external assistance; 
 Preventive evacuation without assistance; 
 Vertical evacuation with external assistance; 
 Vertical evacuation without assistance. 
In addition to the several regions, a national stakeholder was defined who can offer external 
resources. These resources can also be used for traffic management on evacuation routes to (slightly) 
increase the capacity.  
 
During the game, the different stakeholders (regions and national authority) developed strategies and 
described the benefits and consequences for decision makers.  
 
The expert sessions about strategy development resulted in the following requirements for the 
strategy builder: 
1. Operational emergency planners develop input for decision making processes. Therefore, 
the consequences of a flood and evacuation are defined; 
2. Decision makers decide when and how to evacuate. Therefore, alternatives are required 
that describe the (positive and negative) consequences of possible strategies for 
evacuation including no evacuation that have to be related to the probability of the 
disaster; 
3. Different priorities for emergency planning can be set by decision makers. Loss of life 
however is the top priority. However, decision makers can also define other priorities or 
boundary conditions; 
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4. The involved stakeholders during the development of evacuation strategies are: 
 Regional evacuation planners responsible for an area (region or flow out area): These 
define alternative strategies of evacuation for these areas and define the 
consequences and impact on the infrastructure at the boundaries of the area; 
 National operational centres related to specific tasks with limited capacity, such as 
traffic management and operational assistance: These influence the capacities of the 
network that are available for evacuation and the capacities of external assistance 
for different regions; 
 Overall evacuation planner that integrates the above: This combines the different 
strategies for areas and defines the consequences in relation to the capacity of 
infrastructure (including measures to improve this) and the use of external 
assistance.  
5. Time is limited during a crisis and limited information is available. This requires the 
development of evacuation bricks and other basic information as an overview of traffic 
infrastructure capacity and available resources during the planning and design phase;  
6. The required information for an evacuation brick is: 
 Loss of life: The consequences in terms of loss of life in an area as a function of 
time; 
 Assistance: The additional assistance needed from emergency services in an area 
and the benefits of this in terms of a reduction of the loss of life and the total 
available external assistance; 
 Consequences for others: The outflow of an area as a function of time for several 
alternative types of evacuation; 
 Adaptive use of the capacity of infrastructure: The capacity of overall infrastructure 
and possible measures to influence this capacity.  
 
 
13.2.2 Outline of strategy builder evacuation 
 
After detection of the threat, forecasts and the characteristics of flood defences are used to 
define the evacuation zone, the organisation zone and the time available for evacuation. For 
the case when the evacuation and the organisation zone are more than one area the strategy 
builder combines the consequences evacuation of all these areas (using the evacuation bricks) 
in a simple balance model based on the concept  IN OUT STORAGE ; this also takes into 
account the limited overall road capacity and additional emergency services. When the inflow 
does not exceed the possible outflow it is assumed that the strategy can be executed. That 
means that STORAGE is zero in planning because all evacuees have the opportunity to reach 
a final destination before being exposed to a flood. The balance model can be used to define 
strategies that can be executed and that connect measures in different areas. If time is 
available, the final strategy can be further optimised by traffic models. 
 
When congestion occurs, the effective road capacity rapidly decreases and might affect 
multiple areas. In the balance model which does not take dynamic processes into account, a 
strategy is only feasible when the load on the infrastructure is less than the optimal capacity 
without congestion. This optimal capacity can be defined using traffic models.  
 
Traffic management as closure of exits, speed reduction or a better guidance can influence the 
effective capacity or traffic infrastructure in terms of the number of people that can pass a 
location in a certain window of time. The outflow in the balance model is defined as follows:  
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1. The minimum capacity of the available infrastructure 0I
 
defined as the number of 
vehicles that can pass without congestion over window of time ( t ). 0I
 
is the sum of: 
 The daily capacity 1I
 
(the sum of the capacity of all roads at the bottle neck in the 
system); 
 The emergency capacity 2I created by emergency measures m  (as for example the 
closure of entry and exit points, the use of extra lanes and better management on 
roads). The implementation of measures m  however depends on the availability and 
possibility to use resources or personnel (for example because of travel time, failure 
of coordination, equipment or human choices).  
2. The total outflow capacity of the infrastructure at exit points 4I  is the sum of all exits.  
 
The total capacity of the available external assistance is defined as 0A
 
units. This external 
capacity depends on the available resources in unaffected regions, national resources 
(including road managers and traffic controllers and the army) and available international 
assistance. The total used external assistance 1A  is defined as the combination of: 
 Implementation of measures to make better use of the evacuation routes that connect 
areas 2I . The required assistance therefore is defined as 2A ; 
 Additional capacity allocated different areas from areas outside the evacuation or 
organisation zone; this is defined as 3, ,j iA  
Therefore, 1A  is: 
1 2 3, ,
1
n
j i
j
A A A

    [1] 
A strategy as defined in the balance model is only feasible when the total used assistance 
cannot exceed the available external assistance; therefore: 
1 0A A  [2] 
The total capacity of the outflow OUT  is: 
4OUT = min( , )oI I  when 2 0 3, ,
1
n
j i
j
A A A

   [3] 
The consequences of the evacuation of area j , for strategy i  are defined as follows: 
 The flow , ,i t jE from an area j to the overall infrastructure (the connecting evacuation 
routes) in numbers of people per car for strategy i  per unit of time t  (in hours); 
 The required additional assistance 3, ,j iA  as an add on to the resources of an area j  in 
the case of strategy i ; 
 The expected loss of life , ,i t jL in persons in the case of strategy i  as a function of time 
t  for evacuation in area j . 
 
The possible combination of evacuation bricks depends on several conditions. Combination 
can be made using a traffic management perspective but also human behaviour and the 
possibility to offer guidance to people has to be taken into account. The overall planner also 
has to take into account the fact that in some areas, measures are already implemented and 
evacuation might already be on-going in some areas. The exercise Waterproef also illustrated 
that regional decision makers might act different than foreseen in top strategic decision 
making. When this is known in advance, it can be taken into account during strategy building. 
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The total loss of life for the event given strategy i assuming that the disaster occurs sL  in the 
evacuation and organisation zone is defined as: 
s , ,
1
L =
n
i t j
j
L

  [4] 
In the balance model, the maximum load per hour offered to the overall infrastructure is 
defined as: 
1, 1, , ,
1 1
IN = max( ,..., )
n n
j t i j t T i
j j
E E 
 
   when 3, , 0 2
1
n
j i
j
A A A

   [5] 
The “strategy builder” simplifies reality because of the balance model and therefore a 
reflection is made. The approach results in a conservative approach for emergency planning. 
This means that some capacity of traffic infrastructure for preventive evacuation is not used. 
However, the risk that people are exposed while they still travel also reduces. Because of the 
unused capacity for preventive evacuation some coping capacity is available to deal with 
uncertainties (including unforeseen consequences).  
1. The required time for evacuation as defined by EvacuAid already takes the conditions of 
the overall network and congestion into account for evacuation of an area. This overall 
capacity is also taken into account in the strategy builder because a strategy is only 
feasible when IN  OUT . Therefore, the limitations of the road infrastructure are 
taken into account twice. Congestion on these roads is limited; however, the evacuees 
will have more congestion inside an area because of traffic control at exit points of sub 
areas (and entry point of overall infrastructure); 
2. The loss of life that is defined by the sum of the loss of life in all areas (taking car 
accidents during the entire evacuation into account). Possible loss of life among those 
who are on the connection evacuation routes while being exposed is not taken into 
account in the strategy builder. This amount of loss of life is not expected to be 
significant because the evacuation planning intends that this overall infrastructure will 
be empty in the case of extreme weather of during the flood;  
3. Additional resources can only be allocated once in the method. If reallocation is 
possible, this will increase the effectiveness of evacuation. However, it can be 
questioned whether reallocation over regions is possible because of the increased travel 
times and the tendency to wait to a call for evacuation. 
 
 
13.2.3 Overall strategy building during a crisis 
 
During a crisis overall planners can start to develop the outlines for an operational plan for 
possible strategies of evacuation using the evacuation bricks, information of evacuation routes 
and additional emergency capacities if available. Examples of possible strategies in an area are 
 Preventive evacuation with external assistance; 
 Preventive evacuation without external assistance; 
 Vertical evacuation and shelter in place with external assistance; 
 Vertical evacuation and shelter in place without external assistance; 
 Shelter in situ with no time; this strategy can also be seen as an unexpected event or 
missed call and therefore is the worst-case strategy; 
 Combinations of the above strategies based on the building blocks. 
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The strategy builder offers insight regarding whether the strategy is feasible. In the model, it is 
assumed that a strategy is feasible when: 
 The planned assistance 1A  cannot exceed oA ; 
 No congestion on the overall infrastructure IN  OUT . 
This can be described as in the next formula: 
1, 1, , , 0 4
1 1
max( ,..., )  min( , )
n n
j t i j t T i
j j
E E I I 
 
   when 1 0A A  [6] 
When the objective is to minimise loss of life and five areas are affected, this results in:  
n
s 1, , 5, ,
j=1
L =min ( ,..., )i t j i t jL L   [7] 
As already illustrated in section 0, evacuation has positive and negative consequences. The 
positive consequences are the reduction of loss of life and possibly damage when the disaster 
occurs. The negative consequences are economic and social disruption because of the 
evacuation itself. The method for strategy building offers the positive consequences of 
evacuation and a description of the strategy itself. Based on this information, the negative 
consequences can also be estimated.  
 
Because of uncertainty in the threat and impact scenario differs classes of scenarios can be 
defined as shown in section 10.5.3. In this section three possible threat and impact scenarios 
are defined based on the uncertainty in the forecast: an extreme event (sc. High, red), an 
expected event (sc. Expected, yellow) and a small event (sc. Low, green). The consequences of 
evacuation however depend on the threat and impact scenario, therefore the consequences 
can be defined for all these possible threat and impact scenarios as presented in Figure 46 for 
different strategies including a possible delay of decision making. The optimal probability to 
call for evacuation can be defined using the method described in section 0 which can be used 
to advise decision makers. Final choices are made by the decision makers who can also use 
other sources of information, be risk averse, rational or not, and show his accountability in the 
way that the information is used. 
 
 
Figure 46: Information for decision makers for top strategic decision making 
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13.3 Numerical examples of methodology “strategy builder” 
 
The use of the strategy builder is illustrated with some examples based on fictive areas, 
number of people and road capacity using the traffic infrastructure around the cities of 
Rotterdam and The Hague in the Netherland. The following numerical values of the parameters 
are chosen for a certain amount of t : 
 The evacuation zone contains 5 independent areas (n  is 5, oranges areas); 
 4 different strategies for evacuation are considered ( i  is 4): 
1. preventive evacuation with assistance; 
2. preventive evacuation without assistance; 
3. vertical evacuation with assistance; 
4. vertical evacuation without assistance. 
 0I
 
is 8600 cars per hour; 
 The capacity of each road is 4300 cars per hour. The bottle neck between the evacuation 
zone and the organisation zone has two lanes, so 1I 8600 cars per hour; 
 2I  is assumed to be 0; 
 4I
 
17200 cars per hour based on 4300 cars per hour for each road; 
 Cars are divided equally over each crossing on the overall infrastructure when no 
additional measures are taken;  
 2A
 
is 10 units for each area j  when strategy i  is 3 or 4 (both vertical evacuation, the 
capacity is needed to block the entry on the overall infrastructure; 
 oA
 
is 150 units. 
 
The consequences of the buildings blocks in terms of the loss of life, the required additional 
assistance and the load on the overall infrastructure for the areas within the evacuation zone 
are presented in Table 46 for all considered strategies for evacuation.  
 
Table 46: Evacuation bricks per areas in the evacuation zone 
 
, ,i t jE  (x 100) 3, ,j iA (x 10) , ,i t jL  (x 10) 
 Area j  Area j  Area j  
Strategy 
i  
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 28 28 28 28 28 1 2.5 2.5 10 7.5 14 1 10 15 2.5
2 20 20 20 20 20 0 0 0 0 0 20 10 20 20 10
3  0 0 0 0 0 50 5 5 1 1 15 25 30 5 25
4 0 0 0 0 0 0 0 0 0 0 16 40 40 12.5 40
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Figure 47: Traffic infrastructure in numerical example 
Figure 47 shows the where capacities of traffic infrastructure are exceeded using strategy 1 for 
all areas in the numerical example. The figure also shows the overload of the road network 
when all areas evacuate preventively. In the chosen example, it is clear that a complete 
preventive evacuation is not possible because IN  OUT . The values in the case of a 
complete preventive evacuation are: 
5
, ,1
1
IN  14000j t
j
E

   cars per hour. [8] 
0 4OUT=min( , ) min(8600,11200) 8600I I    [9] 
The total number of lives lost, assuming that the strategy can be executed, is the sum of the 
loss of life in the evacuation zones ( sL  is 425 people). Because the strategy cannot be 
executed, additional loss of life has to be taken into account corresponding to people who are 
still evacuating and are trapped in their car (because of the congestion). This number of the 
loss of life is not defined because the developed strategy does not meet the boundary 
condition that road capacities cannot be exceeded. 
 
When the objective is to minimise the loss of life, Table 46 shows that for area 3 (vertical 
evacuation strategy with assistance) results in less loss of life. Assuming that other areas still 
evacuate preventively and area 4 vertical, sL  will then be 325 people. However, the road 
capacity will still be overloaded and the strategy is not feasible. When this strategy is chosen 
additional loss of life for those who are trapped in their car has to be taken into account.  
 
Feasible strategies can be developed by combining evacuation bricks. The combination of 
Preventive evacuation with assistance for areas 2, 3 and 4, vertical evacuation with assistance 
for area 4 and vertical evacuation without assistance for area 1 meets the available assistance 
and IN  OUT . The expected loss of life is estimated at 345 persons. 
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13.4 International assistance for mass evacuation in the case 
of threat-driven response 
 
 
13.4.1 Introduction  
 
In case of shortage to emergency personnel or equipment a call for international assistance 
can be made. Therefore, international organisations have structures available to request and 
use international assistance. Currently, EU countries can rely on help from various 
governmental organisations requested through bilateral agreements or via, for example, the EU 
Community Mechanism for Civil Protection, the North Atlantic Treaty Organisation (NATO) or 
the United Nations (UN) response systems. The legal basis for the EU provision of assistance 
lies in the Civil Protection Mechanism (2007/779/EC 2007). These mechanisms mainly focus on 
situations when the disasters have occurred (and therefore, they are not applicable to support 
evacuation before exposure to the consequences of evacuation. Examples of these modules 
are high-capacity pumps and water rescue modules (2008/73/EC 2007). However, some 
elements, such as helicopters, ambulances and specific personnel, could offer support for the 
evacuation of people with special needs. For NATO, the basis for assistance and the provision 
of emergency disaster relief lies in the principles that apply within the Euro-Atlantic 
Partnership Council (EAPC). The practical coordination of this is performed by the Euro -
Atlantic Disaster Response Coordination Centre (EADRCC). The UN uses resolutions that 
emphasise the importance of the international disaster response and preparedness (Assembly 
2002, 1991).  
 
International assistance however is not expected to contribute to the effectiveness of threat 
driven response. This is because of the time needed to organise and move in the disaster 
area. as well as This section discusses the added value of external assistance for mass 
evacuation and the relationship of the command and control structure of the local first 
responders. This section also presents an exercise after testing the international disaster 
response assistance within the European Union during a worst credible flood scenario in the 
North Sea area as a case study. It describes and evaluates the processes of requesting and 
receiving international assistance and the field operations of the responding international 
teams during an exercise for large-scale flooding (‘EU FloodEx 2009’). Although the exercise 
Floodex had a wider purpose, the case study, as presented in this thesis, focuses on 
international assistance related to the element of time for mass evacuation.  
 
13.4.2 Literature review after an international response 
 
In preparing and coordinating for international response, literature describes two elements to 
make the response effective and efficient: Firstly, the type of disaster (threat-driven response 
or event-driven response and in the case of an event-driven response, a sudden-onset and 
slow-onset) is of great importance; and secondly, the local and national capacities to cope 
with the impact of a disaster need to be addressed (Coalition 2006).  
 
In the case of event-driven response, in the initial stages, the response is provided and 
coordinated at a local level by local emergency authorities and bystanders (Yang 2010; De Ville 
De Goyet 2000). The vast majority of possible life-saving rescues (90%) occur within the first 24 
hours after a disaster and are mostly accomplished by local personnel using simple tools, as 
was illustrated in the Indian Ocean Tsunami (Macintyre et al. 2006). The mobilisation times of 
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international disaster teams are up to 24 hours, so these teams will start arriving after the 
initial stages of the disaster management from the Indian Ocean Tsunami response in Aceh 
(Telford 2007).  
 
When the disaster exceeds the State’s response capacity and time passes, an international 
response could mitigate the consequences of the disaster, the international response can 
perform various tasks to assist the community. The international response is compiled of 
additional resources aiming to increase the local capacities and bring in specific disaster-
related resources and humanitarian aid in order to save lives and prevent further damage.  
 
A call for an international response does not automatically result in an effective response. If 
an affected country is not prepared for this type of response, chaos may be created by the 
huge amount of (international) people and equipment (Chiu 2002; Romundstad 2004). To be 
able to use international assistance, a country has to be flexible enough to expand readily as 
additional resources are added. This helps to match the levels of demand posed by an 
escalating event (Perry 2003a). When an international response is dispatched to a country, the 
organisation of the response and the response time need to be considered to prevent the 
abovementioned chaos. It is therefore important that all planning and response begins with 
the local capabilities and resources that later may be supplemented by extra community and 
international capabilities and resources. In many cases, countries are not explicitly prepared 
for an incoming international disaster response (Perry 2003a). In addition, one should consider 
that individuals who normally are responsible for the coordination of disaster management 
systems on a local level are suddenly required to take on extra resources from abroad that 
they may not understand.  
 
Another important element that supports the need for being prepared for incoming 
international disaster assistance is the response time that is available; time is crucial for 
victim survival, and preparedness can decrease this time (Barbera and Macintyre 1996; Barbera 
and Cadoux 1991). External resources need time to reach local responders (Perry 2003a). In 
sudden on-set (natural) disasters, such as earthquakes or flash floods, this response time to 
save lives is measured in hours (Katoch 2003).  
 
This thesis already illustrated that additional assistance for threat-driven response that 
additional assistance is most effective when it is re-allocated during the transition phase (see 
section 3). International assistance also takes time, to get more insight in the time needed for 
evacuation and the possibility to use international assistance to support evacuation before the 
onset of a disaster the exercise EU Floodex 2009 is analysed. 
 
 
13.4.3 Case Study: Exercise ‘EU FloodEx 2009’ 
 
The international exercise ‘EU FloodEx 2009’ aimed to test the procedures concerning incoming 
foreign assistance in the Netherlands during a worst credible flood (as described in section 4) 
and the procedures to call for assistance by the Netherlands, Germany and the United 
Kingdom. The exercise was roughly divided into two parts:  
1. Command Post Exercise (CPX); A two-day international exercise from D-1 to D-0 (the 
levee breaches at 0:00 at D-0, D-1 is one day before the expected moment of failure of 
the levees) for national decision makers to apply for and respond to international 
assistance; 
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2. Field Exercise (FE); A four-day international exercise starting at D+2 with a focus on the 
aspects of cooperation under the Community Civil Protection Mechanism in case of a 
large-scale flooding. The overall objective was to train and improve existing procedures 
of alerting, mobilising and dispatching civil protection intervention and expert teams in 
the case of disasters. 
 
The procedures that were tested for structuring and organising international disaster response 
were written down in the Dutch “Manual for incoming foreign assistance” (LOCC 2010b). This 
manual was used to establish a national response structure that is able to accommodate 
incoming international response teams into the on-going national disaster response 
operations. The guiding assumption for the design of the response structure is that the efforts 
to address the disaster using only Dutch resources are insufficient (quantitatively and/or 
qualitatively), and as a result, a call for foreign assistance is made. In that situation, the 
Netherlands will retain control (either at national or regional level) of the response. However, 
the manual is an operational guideline and does not involve the political decision making 
process that is also of importance during the request for foreign assistance.  
An overview of the most important mechanisms and their role within the operational response 
structure that was designed for FloodEx is given in Table 47. This structure is based on 
guidelines and policy documents provided by the UN, NATO, EU and related organisations. 
However, FloodEx was specifically based on the European Community Civil Protection 
Mechanism, with the overall objective to improve and train existing procedures for alerting, 
mobilising and dispatching international emergency services in the event of a serious flood. In 
this section, however, the focus is not on the emergency structure itself, but a reflection is 
given on how people dealt with flood warnings and the consequences.  
 
Table 47: EU FloodEx 2009 response mechanisms 
Mechanism Description 
Reception and 
Departure Centre (RDC) 
The arrival and departure location. This is a gathering place where the foreign 
assistance units receive their initial instructions after arrival and registration. 
EU coordination team A coordination team that supports the LEMA through the deployment of foreign 
assistance teams. This coordination team offers support to the Dutch authorities in the 
disaster relief in terms of the deployment of the foreign assistance units. 
On Site Operations and 
Coordination Centre 
(OSOCC) 
A coordination centre for the deployment of foreign assistance teams. This coordination 
centre offers support to the Dutch authorities in the disaster relief in terms of the 
deployment of the foreign assistance units. 
Local Emergency and 
Management Authority 
(LEMA) 
This is the international term for the (local) authority responsible for dealing with the 
disaster (control of the disaster relief). 
On-Site Commander 
(OSC) 
This is the international term for the commander (operational leader) at the place of 
the incident. 
Base of Operations 
(BoO) 
Base camp for the foreign assistance units. This is the base camp where the foreign 
units have gathered their personnel and from where they depart for the location where 
they are deployed. 
 
For the exercise, a scenario was developed that described the development of the threat 
starting 6 days (D-6) before the flood (D-0), up to D+6. The scenario was based on the same 
scenario as Waterproef (although probabilities of flooding were more realistic). Six days (D-6) 
before a possible flood, the threat was detected by probability that was very low. At D-4, the 
probability increased to 15%, while at D-1, it increased to 40% and at D-0.5, it increased to 
55%. Additionally, it was taken into account that wind speed increased up to Beaufort 11 or 12 
at D-1, which also caused dangerous conditions. The results of the decision making process for 
the coastal evacuation of Waterproef were used. In total, 33 hours were available to execute a 
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preventive evacuation. At midnight of D-1, overloading on the highway networks hinders the 
evacuation. Additionally, during D-1, extreme wind speed makes outdoor areas too unsafe to 
travel through. According to the scenario, 1.4 million people evacuating preventive from the 
affected areas. However, there is an equal number still in the flood zone in the Netherlands. 
These people are either in a relief centre, in their homes, or elsewhere. The scenario continues 
at D+2 and takes place at the Field Exercise locations in Noord-Holland. Several parts of the 
west side of the Netherlands are flooded. As stated in the exercise description, it is assumed 
that the Netherlands will retain control over the response, and therefore, the local emergency 
services and the national disaster organisation are still (if partially) functioning. There is, 
however, a shortage of operational capacities and adequate information for defining the needs 
assessments. Because of the scale of the flood, a comprehensive assessment of the need for 
help has not been carried out everywhere in the flooded zone, and it is difficult to define the 
precise capabilities needed. However, the local emergency management authority (LEMA) and 
International EU Coordination Team are coordinating the deployment of incoming foreign units 
on D+2 together with Dutch units at various locations in the northern part of Noord Holland 
(the Amstelmeer, Groote & Kleine Vliet and the Alkmaardermeer) as shown in Figure 48. During 
their deployment, they are required to conduct various search and rescue activities and 
pumping operations. Their mission lasted for approximately 2 days according the scenario.  
 
 
Figure 48: Overview of exercise locations 
 
13.4.4 Reflection on the call for assistance 
 
Use of knowledge of uncertainties 
The call for assistance was based on the assumed threatened area, the estimation of the 
population that had to be rescued and the figures for the capacities of rescue personnel and 
services. A call was made using only deterministic information, and no alternatives were taken 
into account. This thesis shows that at the moment of decision making, the impact, the 
number of people that have to be rescued and the real capacity of emergency services and 
infrastructure are uncertain. Despite this uncertainty, a call for assistance was made that took 
into account that people had to be rescued in 72 hours and that all national emergency 
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personnel were available. No consideration was given to the consequences of loss of life or 
the consequences of earlier or later rescue and the impact of uncertainties. Additionally, 
assumptions about travel times of equipment, the number of people that had to be rescued, 
and the breakdown of equipment were not questioned, and they were strictly predefined in 
the exercise scenario. Based on the call for assistance, a frame was developed (for decision 
makers and citizens as well) that all people could be rescued in 72 hours. The call for 
assistance was based on an ‘average’ or expected situation, uncertainties in the threat and 
impact were not considered.  
Although this was an exercise situation and in reality others might ask for these alternatives, 
it is recommended that alternatives and consequences of uncertainties be taken into account. 
This could contribute to flexible planning procedures and the possibility for decision making in 
advance using prepared strategies. Because of the travel time and the time needed to call for 
assistance, a less conservative call might result in an increase emergency capacity because 
the international assistance can be earlier in place where it is needed.  
 
Moment of requesting assistance 
All national resources were put in place and fully used, and these were mobilised from D-6. 
However, at D-4, the whole country was dealing with significant evacuation of the coastal 
areas. The available information, even with regard to the uncertainty, was enough to mobilise 
all resources inside a region but not enough to mobilise the resources in other states. 
 
The first request to mobilise international assistance was given at D-1 in the afternoon 
(although the exercise started in the morning and all stakeholders were aware of the threat). 
At this moment, the probability of occurrence of the disaster was increased to 55%. The first 
request for assistance was given to inform other EU member states about the situation and to 
await the upcoming final confirmation of the request. The required time was spent on 
meetings and procedures. The final confirmation of the call for assistance was made at D-0, 
after the dike breach. After this request, EU member states have to offer assistance and 
agreements have to be made. It will take approximately two days for the assistance to arrive. 
After the request for international assistance had been made, it was foreseen that time would 
be required (2 days) for mobilisation to the affected country. While the agreements were 
made, almost all people have reached a semi-permanent location outside or inside the 
threatened area. Loss of life because of drowning and hypothermia has already occurred in 
most cases.  
 
Time is needed before international assistance is available in the field because of procedures 
and transport. The use of international response for evacuation in threat driven response 
requires the availability of this assistance during the transition phase. Taking the time for 
international procuders into account the call for international assistance has to be made more 
early than local assistance is mobilised. When international assistance is added during the 
operation the same complications occur as during an event driven scenario (see section 3.2). 
Therefore international assistance will (in most cases) not be in place in time to support a 
preventive evacuation. However a pro-active call for international assistance might contribute 
to a rescue or recovery operation.  
 
Reflection: Reality of the exercise  
EU FloodEx 2009 was a large-scale exercise, but compared to a real large-scale disaster, the 
exercise was still minor. If a real flood disaster happens in that area, one can doubt whether 
the local emergency services will be able to function normally and give clear guidance to the 
international teams.  
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During the Field Exercise, little attention was paid to the citizen’s response in this type of 
disaster. It is likely that in a real flood disaster, this will be the case and that teams will need 
to cooperate with civilians, emergent groups as well as local emergency responders in order to 
fulfil their tasks.  
 
In a real flood disaster, it is doubtful if all citizens are able to be identified (where they are in 
which conditions) and rescued within a short timeframe. Because of the limited time of the 
exercise other issues were not revealed such as the supply of the teams, tiredness, resource 
constraints, humanitarian aid and more. In addition, neighbouring countries in the area might 
request a large amount of resources that are scarcely available. However, the official 
evaluation of the exercise stated that it successfully contributed to gaining useful insights into 
the various processes and mechanisms that are set in place in the case of international 
disaster response assistance (Beerens and Schneider 2011). 
 
 
13.5 Evacuation of people with special needs 
 
 
13.5.1 Introduction 
 
In the case of a threat of flooding and when areas have to be evacuated, this also applies to 
people with special needs. When people depend on daily or continued care, they will also 
depend on these services during and after an evacuation or a flood. However, in the case of a 
mass evacuation or in the case of a flood or a disaster, these services cannot be guaranteed. 
People with special needs might therefore be more vulnerable in the case of a mass 
evacuation when these needs are put under pressure. People with frequent kidney dialysis 
may need treatment during an evacuation. For those in an intensive care unit, an evacuation 
might be a threat to their life. Elderly people in nursing homes might not be able to rescue 
themselves and are not by definition saved by others.  
The need for evacuation and the strategy for evacuation of people with special needs might 
therefore be different from the need to evacuate people without these needs using a risk-
based approach, as considered in this research. Therefore, a better understanding is needed 
about what is understood by people with special needs and the consequences for different 
forms of evacuation in the case of a threat of flooding.  
 
A classification of people with special needs in different groups is:  
1. People who need extra care but are under observation, waiting for intake or who live in 
groups with supervision; the mortality rate for this group is influenced by their own 
capabilities, not by care provided by medical services or instruments; 
2. People who depend on personal care; the mortality rate for this group is influenced by 
their own capabilities and by care by provided by medical services or instruments; 
3. People who depend in instruments and personal care; the mortality rate for this group 
is influenced by their own capabilities, by the care that they receive, and by medical 
services or instruments. 
 
Two other groups of people in institutions can be defined that influence evacuation: 
1. Personnel that work in these institutions; 
2. Visitors of patients in these institutions. 
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Not all people with special needs have to be evacuated by emergency services or the owners 
and operators of the institutions as hospitals and nursery homes. When time is available, 
these numbers of people that need assistance from the institutions can be reduced so that 
fewer people depend on the care in these institutions. For example, family members or friends 
can take care of institutionalised individuals (elderly, children, those who depend on 
homecare), and in some cases, these individuals can take care of themselves. Research shows 
that people start evacuation when they know their relatives are safe (Perry 1985; Tierney 1989; 
Perry and Mushkatel 1986). This also implies that when time is available, people will take care 
of their family members or friends with special needs (is possible). The size of the group who 
needs support can even be further reduced by the operators of institutions. Hospitals for 
example can send people home who are there for observation and reduce the intake of 
people. Furthermore, surgery can be postponed etc. 
 
From the perspective of the services provided by emergency services, the number of people 
with special needs therefore depends on the type of disaster. In the case of an event-driven 
response, elderly people and children might even be considered as people with special needs 
(VCP 2008). Based on these assumptions, the number of people with special needs is defined 
as 20%-25% of the population. In the case of a threat-driven evacuation, with enough time, the 
number of people with special needs is far less. Family members will take care of most 
children and elderly adults, and the number of people with special needs in institutions can 
be reduced by sending them home in time. During the transition phase (and in the case of an 
incident even during the evacuation phase), evacuation measures will be taken to prepare for 
evacuation. An upper limit of the group with special needs in the case of a threat-driven 
response can be defined as the sum of those in institutions and prisons and those who 
depend on homecare. For the Netherlands, this is estimated as 11.3% of the population using 
the figures of (CBS 2008) and (RIVM 2008), and different groups can be distinguished: 
 Hospital: 0.32 %; 
 Nursing and elderly homes: 8.0 %; 
 Institutions for mentally disabled: 0.37 %; 
 Institutions for physically disabled: 0.02 %; 
 Institutions for sensory disabled: 0.01 %; 
 Prisoners: 0.15 %; 
 Homecare (not in an institution): 2.5 %. 
 
In general, it can be said that the number of fatalities will rise among the group with special 
needs compared to the group without these needs. Because the consequences change (more 
loss of life), the optimal probability to call for evacuation using cost benefit analyses will 
change as well (and within this group even more classes of people depending on the needs 
can be defined).  
However, not the consequence in the case of a flood causes loss of life; fatalities can also 
occur because of evacuation itself. For those people without these needs, the mortality rate is 
related to car accidents, as discussed in section 12. For those with special needs, the failure to 
fulfil the needs has to be included in the calculation of the mortality. Therefore, the moment 
of evacuation, as well as the strategy for evacuation, can be different for people with special 
needs, and this is further explored in this chapter.  
 
In this chapter, the focus is on people with special needs in a hospital. This chapter describes 
a literature review on hospital evacuation and discusses literature on the mortality rates for 
the loss of life in case of a large scale flood or evacuation. A model is developed for 
evacuation planning for people with special needs that describes how (the strategy for 
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evacuation) and when (the go no go decision) to decide for a certain type of evacuation 
during the transition phase to minimize loss of life. This model is applied in a case study for 
people with special needs in Dutch hospitals. The results can be applied to all people with 
special needs when the mortality rates are defined. 
 
 
13.5.2 Literature review on hospital evacuation  
 
In the event of a flood, a hospital can become destroyed or inoperable, as could be seen after 
Katrina (Deichmann 2006). Deichmann describes how care is offered in a hospital when the 
normal tools are not available. Deichmann also describes how care is continued and how the 
evacuation of the hospital can be organised by personnel of the hospital but also described 
the relation with the outside world. Deichmann described that from the outside world, during 
Katrina more patients were brought in (also by emergency service). For the outside world, the 
hospital is still considered to be a location where care is offered. Before the disaster, during 
phases 2 and 3 of the evacuation, people in the neighbourhood also gathered in the hospital 
(even with their pets). The total number of people that used the facilities of the hospital 
therefore increased to a level far greater than during a normal day. 
 
In case of a large-scale disaster, personnel, available equipment and medicine can be 
overwhelmed, which will results in decision about triage and treatment to prioritise the use of 
available means (Klein and Nagel 2007). For hospitals, precautionary measures can be taken to 
reduce the impact of a flood based on the same phases of evacuation as defined in section 
3.3. Different criteria can be defined to start phase 2 (transition phase) and the moment of the 
go or no-go decision, as well as the strategy for evacuation. However, these decisions are 
based on the same information about the threat as the evacuation of communities. 
 
Some research describes the available means required for transportation. In the case of a 
vertical evacuation, experiments showed a rate of 3.75 minutes per floor for critically ill 
patients evacuated by an extraction team of four fire fighters accompanied by a nurse and a 
respiratory therapist (Gildea and Etengoff 2005). The continuity of the electronic and 
communication system is also not guaranteed, and when these are not tuned off, they might 
be overloaded as well. Shortages can influence the processes in a hospital as well as the 
evacuation itself. 
 
Literature discussing the evacuation of hospitals focuses on preventive evacuation. In the 
literature, two objectives are mentioned as criteria to decide for evacuation of a hospital (after 
(Tayfur and Taaffe 2009)): 
 To minimise total costs. The costs of closing hospitals and transportation due to an 
evacuation as the benefits (reduction of damage in the case of a flood) can be 
optimised. This implies that evacuations are taken into accounts that are not followed 
by a flood, if these are foreseen; 
 To complete evacuation. The purpose is to evacuate the hospital completely. 
For both criteria, the circumstances outside the hospital are important. These circumstances 
can cause an increase in travel time and limitations for the available equipment and 
personnel. Loss of life, however, is not used as an objective or integrated in the costs by 
(Tayfur and Taaffe 2009). It is assumed that evacuation does not cause loss of life and that all 
people can be evacuated. However, as shown in this research, for people with special needs, 
it cannot be guaranteed that everyone will be evacuated in time. Loss of life therefore is third 
criteria. 
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An earlier start for the evacuation of people with special needs could be successful from the 
perspective of evacuating all patients (the second objective). However, when the costs caused 
by the evacuation are taken into account (the first objective), the total costs may increase. 
When loss of life (the third objective) is taken into account because, including the frequency 
of a flood and frequency of evacuation, the optimal conditional probability of flooding to 
evacuate changes compared to the previous mentioned objectives.  
An earlier start of evacuation of people with special needs will also increase spontaneous 
evacuation of people without special needs as discussed in section 7.4.  
 
In the case of breakdown of the supply of power and other logistic lines that influence the 
continued operation of the hospital, experiences showed that measures can be taken to 
reduce the consequences. Personnel have to work with equipment that is available under less 
optimal conditions (Bowers et al. 2006).  
 
Emergency planning for those who only needed hospitals temporarily in Louisiana showed that 
treatments such as dialysis can be continued elsewhere when preparations are made. An 
evaluation after hurricane Gustav showed that the improvements made after hurricane Katrina 
caused minimal interruption of dialysis services. People only missed treatments when other 
services such as the power supply break down at reception centres occurred (Kleinpeter 2008). 
During extreme events, more problems could occur, such as grid locks on road systems which 
increases travel time from en to the hospital and reception centers. 
 
However, the literature on hospital evacuation (Augustine and Schoettmer 2005) and some 
events in the case of flooding (as the hospital of Venlo in 1995) or other threats (as Meander 
Medical Center (Meander 2011)) shows that people with special needs in hospitals can be 
evacuated without loss of life. 
 
Experiences with training and exercises for mass evacuation in hospitals are limited (Tayfur 
and Taaffe 2009) due to the potentially high consequences of such a training (as loss of life). 
Some research describes evacuation of hospitals for other types of disasters such as flooding. 
These types of disasters differ from flooding because the impact of the disaster is only limited 
to the hospital itself or a part of the hospital. The surroundings of the hospital are not affected 
by the size of the disaster. However, these studies present some relevant findings. Research 
(Murphy  and Foot 2011) on the evacuation of intensive care units in hospitals because of fire 
showed significant weaknesses in unit design, equipment, and planning. Scarcity of 
equipment as well as emergency drug supplies is often not taken into account in planning. 
Additionally, the scope of planning remains in most cases limited to evacuation on the same 
floor. Evacuation to other floors or even to locations outside the hospital is not considered in 
planning. This research concluded that planning for an urgent evacuation could be improved. 
 
The complexity of the mass evacuation of hospitals increases when the surroundings of the 
hospitals are affected. Processes to take care of patients are in fact fully or partially 
continued. This depends on the availability of personnel (24 hours a day), electric power, 
medicine supply, food supply, water supply, air conditioning and equipment and the 
conditions required to move people or goods from one place to another inside and outside the 
hospital. Based on triage protocols, decisions can be made regarding how to address limited 
resources. Literature about hospital evacuation does not address contain statistics for loss of 
life due to preventive evacuation or flooding. Additionally, other strategies for evacuation (as 
stay in situ) are not related to statistics about loss of life, as was already concluded by (Gildea 
and Etengoff 2005). 
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13.5.3 Methodology to define required conditional probability of flooding to call 
for evacuation of people with special needs 
 
Based on the literature review, it can be concluded that a preventive evacuation of hospitals is 
not possible for all events. When the impact of a disaster increases and affects the 
environment of the hospital, no figures are known about the relationship between the impact 
and loss of life for evacuation or loss of life when the services in the hospital are continued. 
Because the loss of life for people with special needs is influenced by evacuation as well as a 
flood, the question remains of what the optimal strategy for evacuation is to minimise 
fatalities or economic costs. This section therefore describes the methodology when loss of life 
is taken into account and the objective is to minimise the expected number of lives lost in 
persons per year. 
 
The decision making process for the evacuation of people with special needs for a threat-
driven response is equal to the decision making process for evacuation. The transition phase 
is the period when measures are implemented to create better circumstances for the chosen 
strategy for evacuation. Examples for the evacuation of people with special needs are a call for 
more measures or to send people with special needs home when others can take care of 
them, gather additional medicine food and water in the hospital or call for busses and 
ambulances for preventive evacuation etc.  
Again, positive and negative consequences can be defined. The positive consequences are the 
loss of life that is prevented in the case that a flood occurs. The negative consequences are 
the costs of evacuation (for example less income because medical treatments are cancelled) 
and loss of life due to evacuation in the evacuation zone.  
 
In the case of a mass event with limited time and resources and an increase of travel time 
because of congestion, this will also influence a preventive evacuation, and the normal 
processes in a hospital will be influenced when the normal daily routines of personnel and 
logistics are affected. 
 
In this thesis, different alternative strategies for evacuation are defined to minimise loss of 
life. These also apply to people with special needs; however, the minimum conditional 
probability of flooding to call for evacuation might be different. Applying the strategy shelter in 
place in case of a flood might result in less expected loss of life per year than a preventive 
evacuation. Although the loss of life in case of a specific flood event can be more in case of 
shelter in place than in case of preventive evacuation, the loss of life because of preventive 
evacuation not followed by flood events does not occur.  
Using the same rational risk-based approach as described in section 10.2, the minimal 
conditional probability of flooding to call for evacuation for people with special needs is 
defined. The costs and benefits are both expressed in the expected loss of life in persons per 
year. The benefits are defined as the expected reduction of loss of life by evacuation in the 
case of a flood. The costs are defined as the expected loss of because of the evacuation.  
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13.5.4 Numerical description 
 
The method EvacuAid takes the location of people into account for the assessment of loss of 
life in the case of a flood. In case of people with special needs, j  different groups can be 
defined ( 1,...,j m ).  
 ,t jh is the number of people with special needs who can leave the threatened area in 
period t ; 
 ,i jv is the number of people with special needs that move to possible locations i  within 
the threatened area or get hit during the evacuation. 
 
In the case of people with special needs, the locations inside the threatened area can be 
divided into several groups ,i jv . When  
 1i  for those who remain at ’home’ or in an ‘institute’ without precautious measures; 
 2, jv  for those who remain at ’home’ or in an ‘institute’ with precautious measures; 
 3i  for those who get hit during an evacuation. 
 
The expected loss of life of people with special needs L (in persons per year) depends on the 
following: 
 1L  as the loss of lives of people with special needs in the case of a flood event with 
evacuation, the probability for such a combined flood and evacuation event is 1P ; 
 2L  as the loss of lives of people with special needs because of mass evacuation, the 
probability for such an evacuation event is 2P . 
 
 
Following the same approach as the method of EvacuAid (section 12), the total loss of life in 
the case of a flood with a mass evacuation ( 1L ) depends on the following: 
 The number of people at a certain location multiplied by a unique mortality rate ,i jn  for 
the location i and group j ;  
 For ,t jh , the mortality rate 0, jn  is assumed to be equal to loss of life because of 
preventive evacuation (including car accidents but also because of failure to fulfil the 
needs); 
 The number of people that did not reach the desired location ,t jR  is the difference 
between the total number of evacuees and the sum of ,t jh  and ,i jv , the mortality rate 
for this group is ,r jn .  
 
The total loss of life in the case of a flood event and mass evacuation of people with special 
needs can be described as: 
3
1 , 0, , , , ,
1 1
( ) ( ( ) )
 
   m t j j i j i j t j r j
j i
L t h n v n r n  [1] 
In the case of an evacuation event without a flood, the loss of life only depends on the 
evacuation: 
2 , 0,
1
( ) ( )

 m t j j
j
L t h n  [2] 
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The total expected number of lives lost L is therefore: 
 
3
2 , 0, 1 , , , ,
1 1
( ) ( ) ( ) )
 
   m t j j i j i j t j r j
j i
L t P h n P v n r n  [3] 
As shown in the literature review, preparations can be made so that the needs of different 
groups of people can be fulfilled longer. This will influence the mortality rates and therefore 
the expected loss of life. Improvements that will allow more people to evacuate in a certain 
window of time will influence ,t jh  , ,i jv and ,t jR .  
 
Emergency planning 
When the objective is to minimise the expected loss of life among people with special needs, 
different strategies can be defined (applying formula 3). For preventive evacuation, the 
expected loss of life in such an approach is defined as: 
3
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1 1
( ) ( ) ( ) )
 
   m t j j i j i j t j r j
j i
D t P h n P v n r n  [4] 
For shelter using available planning resources and planning, the expected loss of life in such 
an approach is defined as: 
3
2 1 , , , ,
1
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
  i j i j t j r j
i
D t P v n r n  [5] 
For shelter with additional measures, the expected loss of life in such an approach is defined 
as 3D (formula 5 can be applied taken new mortality rates into account and a reduction of the 
number of people with special needs). These strategies have consequences for the conditions 
of the parameters to define the loss of life, as shown in Table 48. 
Table 48: Background on conditions of parameters for evacuation of people with special needs using strategies 
 Preventive evacuation Shelter using available 
planning resources and 
planning 
Shelter with additional 
measures 
Number of people with 
special needs 
Evacuation zone (or 
threatened area) 
Flooded area Flooded area
Mortality rates - - Reduced by measures
Probability Of evacuation event Of flood event Of flood event
 
13.5.5 Case study after evacuation of people with special needs in Hospitals in The 
Netherlands 
 
This section describes a case study for the Netherlands in which the methodology as described 
in the previous section is applied. The case study focuses on three different areas in the 
Netherlands and considers different flood events (see also Figure 49): 
1. Evacuation because of coastal flooding; 
2. Evacuation because of river flooding along the dike ring areas; 
3. Evacuation because of river flooding along the southern part of the Meuse in Limburg. 
The case study focuses on emergency planning as well as the strategy choice in the case of a 
crisis. Three different strategies for evacuation are taken into account as mentioned in the 
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previous section (preventive evacuation, shelter in place using available planning resources 
and planning and shelter in place with additional measures).  
The frequency of a flood 1P for coastal flooding is 0.0001 per year, for the river area along the 
dike ring areas, it is 0.001 per year, and for the higher part of the Meuse, it is 0.004 per year. 
The frequency of evacuation 2P  because of a threat of flooding is estimated at on average 
0.005 per year for the coastal area and the river area along the dike ring areas (see section 
4.5.2). For the evacuation along the higher part of the river Meuse, no estimation about the 
frequency of evacuation is described in literature. A frequency of evacuation is assumed to be 
0.008 per year, twice as often as a flood because the decision is made on early warning based 
on the philosophy ‘ better safe than sorry’.  
 
 
 
Coastal flooding and 
storm surges: Areas I, II 
and III and IV. 
 
River flooding along dike 
ring areas VI and V 
 
River flooding along the 
southern part of the 
Meuse in Limburg area 
VII 
Figure 49: Different areas for the case study for evacuation of people with special needs 
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Table 49: Parameters for evacuation of people with special for preventive evacuation and shelter in place 
 Preventive 
evacuation 
Shelter using 
available planning 
resources and 
planning 
Shelter with 
additional measures 
Evacuation zone (threatened area) Entire Dutch coast River area Small catchments 
along southern part 
river Meuse 
Number of hospitals in evacuation zone 49 16 1
Number of hospitals in flood zone 26 for western flood
12 for northern flood 
5 for River-IJssel 
6 for River-Rhine 
2
Number of people with special needs in 
evacuation zone 
26000 9800 600
Number of people with special needs in 
flood zone 
12000 for western 
flood 
6000 for northern 
flood 
1500 for River-Ijssel 
3500 for River-Rhine 
600
 
The flooded areas is based on a ‘worst credible event’, class of the highest impact in the 
matrix of threat and impact scenarios as described in section 4.4. To keep the analyses simple 
the frequency of the flood events is assumed to be equal to the frequency of the hydraulic 
load of the design level related to the safety standards of the flood defences and related 
scenarios to this class, see 4.4.1. The expected size of a flood of the expected size is however 
less than that of the worst credible flood. Therefore, the number of people with special needs 
in the case of flooding (as well as loss of life during a flood among those with special needs) 
is a pessimistic value. 
The evacuation zone is based on the sum of possible flood scenarios in the case of a threat of 
the worst credible flooding. Although this is also an upper limit, it is expected that the 
sensitivity is less than for flooding. This is because of uncertainty of forecasts and because 
decisions for evacuation are in most cases made a (few) day(s) before a possible flood. At 
that moment, the forecast and the size of a flood are uncertain. 
It is also assumed that hospitals outside the evacuation zone (see Figure 27 for the threatened 
coastal area) or flood zone are not be affected. All hospitals inside these zones are evacuated. 
The number of hospitals that are flooded is based in the extent of the worst credible scenario 
for the western coast or northern coast (for the coastal threat), the worst credible scenario for 
the Rhine River or the Rhine-IJssel (for the river scenario) and the size of the small catchments 
along the southern part of the river Meuse. For this estimation, information about the 
locations of hospitals and the number of beds in hospitals was used of RIVM (RIVM 2012) with 
the national risk map (IPO et al. 2012). 
 
For each area, the number of people with special needs in hospitals is defined. Based on the 
evacuation of the Venlo Hospital, 3 groups of people with special needs are defined: 
 High vulnerability ( 1j  ); 5% of the total population with special needs are people who 
depend on instruments and personal care. According to the Dutch Hospitals Association 
(NVZ 2012), there are 1845 intensive care units in the Netherlands (excluded those in 
Academic Hospitals), the total number of beds in hospitals in 2008 was 42356 beds 
according to RIVM (RIVM 2012); 
 Medium vulnerability ( 2j  ); 25% of the total population with special needs are people 
who depend on personal care; 
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 Low vulnerability ( 3j  ); 70% of the total population with special needs are people who 
need extra care but who are under observation, waiting for intake or who live in groups 
with supervision. 
 
As show in the in the literature review, no relationship is known between the expected 
number of lives lost in the case of a flood or evacuation for people with special needs. Where 
the standard function for the loss of life (see (Jonkman 2007)) includes the depth of the water 
and flow velocity as parameters for people with special needs, the failure to meet these needs 
is also relevant. Failure to fulfil the needs is related to the direct consequences of a flood or 
evacuation as well as the indirect consequences when the available resources are 
overwhelmed. The literature shows that when the disaster overwhelms the system outside the 
hospital, the evacuation will be influenced the most. The impact on the mortality rate will of 
course also be strongly related to the different groups of people. For those in an intensive care 
unit, a long-term lack of electric power and personnel has more impact than for those with a 
broken leg.  
 
For figures on the normal mortality rates of people with special needs in hospitals, the figures 
of CBS Statline and RIVM (see Table 50) were used. Based on the available data from Statline 
for the number of fatalities the average number of fatalities is based on the figures for 1981, 
1985, followed by the figure every 5 years until 2005). The total number of beds in Dutch 
hospitals is assumed to be equal to 50,542 according to RIVM figures from 2008, and 42,356 of 
these beds are in normal hospitals and 8,186 are in academic hospitals.  
 
Table 50: Figures for fatalities in a hospital 
 Fatalities per head of 
10,000 persons 
(statline) 
Total population of 
the Netherlands in 
million persons 
(statline) 
Fatalities (in persons) 
per year 
Fatalities (in persons) 
per day per bed 
 
1981 39.0 14.209 55,300 0.0030 
1985 38.1 14.454 55,100 0.0030 
1990 35.3 14.893 52,600 0.0028 
1995 32.8 15.424 50,500 0.0027 
2000 29.9 15.864 47,400 0.0026 
2005 24.8 16.306 40,400 0.0022 
 
The average number of fatalities per bed per day is equal to 0.0027 persons. This figure 
includes all groups of people. Statline and RIVM do not relate the figures of fatalities to the 
different groups of people with special needs. However, it is clear that those in an intensive 
care unit are more vulnerable than those who have a broken leg. The following relationship is 
used: 
 The group with high vulnerability ( 1j  , 5% of the total population of people with 
special needs) is 8 times more vulnerable than the average; 
 The group with medium vulnerability ( 2j  , 25% of the total population of people with 
special needs) is 2 times more vulnerable than the average; 
 The group with low vulnerability ( 3j  , 70% of the total population of people with 
special needs) is 0.14 times more vulnerable than the average. 
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Table 51 shows the mortality rates used for different groups of people the case study. It is 
considered that all strategies can be executed so all people reach the planned destination in a 
period of 4 days. No limitations for the available time are taken into account. For each strategy 
the mortality rates were defined (see Table 51): For the strategy of preventive evacuation, it is 
assumed that the mortality rate increases by 50% compared to normal mortality rates for 
people with special needs. This is because of a shortage of equipment and personnel and 
circumstances during the evacuation. For the strategy ”Shelter using available planning 
resources and planning”, the mortality rates are based on the experiences during Hurricane 
Katrina in the Baptist Hospital in New Orleans (Deichmann 2006). This hospital had made 
normal preparations for emergency management and even had experience with previous 
hurricanes and evacuation. However, because of the (extreme) size of the event, the 
consequences were not foreseen in advance, and the world outside of the hospital was also 
heavily affected.  
The hospital had 317 beds (Weems 2008). At the time of hurricane Katrina, approximately 200 
patients were in the hospital. In addition, multiple people (without special needs) came to the 
hospital for shelter, so approximately 2000 persons were in the building (Deichmann 2006; Fink 
2009). The booklet “Code Blue”, which describes the personal experiences of the doctor 
Richard Deichmann, mentions that when the patients and staff left the hospital three to four 
days after landfall of Katrina, 30 dead people were in the hospital, and 9 of these were already 
in the mortuaries before Katrina (Deichmann 2006). This means that 10.5% of all people with 
special needs lost their life during Katrina. After Katrina, other reports mentioned that 45 
corpses were found (Fink 2009). Taking into account the 9 people already in the mortuary, 18% 
of the patients lost their life. However, these reports also mentioned that the number of 45 
corpses was higher in the Baptist Hospital than in others. Therefore, it is assumed that for the 
strategy ‘shelter without additional measures’, an average mortality rate is 10% of the 
population, and the same relationship is assumed to translate this average mortality to 
different groups.  
For the strategy ”Shelter with additional measures” literature does not describe the 
effectiveness of measures, however, as the literature review showed, preparation can reduce 
the consequences. Therefore it assumed in the example that the mortality rates are a factor 
1.5 less than for the strategy ”Shelter using available planning resources and planning”. 
 
Table 51: Mortality rates (on a scale of 0 to 1) for people with special needs in hospitals for an event of 4 
days 
 Reference (no 
evacuation or flood 
event)  
Preventive 
evacuation 
 
Shelter without 
additional 
measures 
Shelter with 
additional 
measures 
High vulnerable  0.0871 0.1307 0.8000 0.5300
Medium vulnerable  0.0218 0.0327 0.2000 0.1300
Low vulnerable  0.0015 0.0023 0.0140 0.0093
 
Table 52 shows the expected number of lives lost in an evacuation event or flood event. The 
total number of lives lost in an evacuation event, when all people can evacuate preventively, 
is less than the loss of life in the case of a flood event. Additionally, it is clear that in the 
example, the additional preparation in the case in a flood results in less loss of life. For 
coastal and river flooding along the dike ring areas, the total number of people with special 
needs that are evacuated is more than the number of people with special needs who are 
affected by the flood. Although the loss of life might be less, more people are affected by 
evacuation.  
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Table 52: Loss of life in the case of an evacuation event for a flood with or without additional preparation 
 
2L   1L  with no 
additional measures
1L with additional 
measures 
Coastal flooding 425 1796 1198 
River flooding along the dike ring areas 160 499 333 
Low threatened area river, Southern part of 
province Limburg 
10 60 40 
 
The frequency of a flood event is higher than the frequency of an evacuation event (see Table 
49). Table 53 shows the expected loss of life per year for all strategies. During normal 
conditions, people lose their life in hospitals. For coastal flooding and for river flooding along 
the dike ring areas, a preventive evacuation results in more expected loss of life than vertical 
evacuation without additional measures. This is because of the combination of the frequency 
of evacuation compared the frequency of a flood and the higher number of people in an 
evacuation zone than in a flood zone. For river flooding in smaller catchments, such as the 
higher part of the river Meuse, a preventive evacuation strategy results in less expected loss 
of life per year. For this smaller catchment, the size of the flood zone is almost equal to the 
size of an evacuation zone and the difference in the frequency of a flood and evacuation is far 
less than for coastal flooding.  
 
Table 53 presents the expected loss of life of people with special needs for different 
evacuation strategies. The expected loss of lifer because preventive evacuation is in the 
example for the coastal flooding and river flooding along the dike ring areas more than loss of 
life in case of shelter in place. Only for river flooding along the river Meuse (small catchments 
and the preventive evacuation is not disrupted because of the evacuation of the surroundings 
of the hospital) a preventive evacuation results in less loss of life than shelter in place.  
It is also seen, although it was already assumed in the model, that additional preventive 
measures reduce loss of life in case of shelter in place.  
 
Also show, for the situation of a flood event and a vertical evacuation, that additional 
measures reduce the loss of life. However, the reduction is limited: 0.06 people with special 
needs per year for coastal areas, 0.08 people with special needs per year for river areas along 
the higher part of the river Meuse and 0.27 people with special needs per year for river areas 
along dike rings. The question is whether the required budget is available for this preparation. 
Applying an economic approach using the economic value for human life as in section 8.4 
results in a budget per year of 0.4 (coastal flooding), 0.5 (river flooding along the higher part 
of the Meuse) and 1.8 million  per year (river flooding along the dike ring areas). However 
the preparations might have other benefits in case of for example breakdown of power supply 
or shortage of nurseries.  
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Table 53: Expected loss of life per year for different strategies for evacuation of people with special needs in 
hospitals 
 Preventive evacuation Shelter using available 
planning resources and 
planning 
Shelter with additional 
measures 
coastal flooding 2.13 0.18 0.12
river flooding along the dike 
ring areas 
0.80 0.50 0.33
river flooding along the higher 
part of the Meuse 
0.08 0.24 0.16
 
 
13.6 Concluding remarks 
 
Evacuation strategies optimised for the use of the road capacity can result in complex 
strategies. Theoretical solutions divide all evacuees over road networks to minimise evacuation 
time. These strategies are vulnerable to failure in case of a low frequent disaster. Failure 
occurs because of complexity of measures. This thesis also showed that uncertainties 
influence the optimal decision making process. Flexible evacuation planning takes 
uncertainties into account and offers the opportunity to anticipate the response of citizens 
and decision makers as well.  
 
The ‘strategy builder’ is a method to develop evacuation strategies using evacuation bricks. An 
evacuation brick describes different the consequences of evacuation of an area as a function 
of time (for example, using EvacuAid). For each area different evacuation bricks can be defined 
for each type of evacuation. Evacuation bricks can be defined in advance during the phase of 
planning and design. In case of a crisis the overall evacuation planner can develop strategies 
based on these evacuation bricks and the actual conditions. The combination of evacuation 
bricks and the capacity of connecting traffic infrastructure and available assistance can be 
used to develop evacuation strategies based on the actual threat.  
 
The top strategic decision making focusses on the decision when and how to call for an 
evacuation. The strategy builder (or EvacuAid, in the case of an area) can be used to define 
the positive consequences of evacuation taking the threat and impact scenarios into account. 
The negative consequences (loss of life and economic and social impact) can be defined based 
on the developed strategy.  
Per strategy of evacuation, the minimal conditional probability to call for evacuation can be 
defined using the costs and the benefits as shown in an evacuation-iso-graph (see section 
10.6).  
 
Floods worldwide show that the existing emergency capacity (including the army) is limited. 
International assistance (from NATO, the UN, etc.) – this is something else than neighbour help 
for regions near the border- offers in theory additional capacity to emergency services. 
Because of procedures, the time needed for transportation and allocation in the evacuation 
zone the benefits to increase performance of evacuation before the onset of a flood is limited.  
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People with special needs are more vulnerable in the case of a flood and during evacuation. 
Because of the frequency of evacuation related to the frequency of a flood and the size of an 
evacuation zone and the size of a flood event the expected loss of life per year in case of 
preventive evacuation of people with special needs van be higher than the expected loss of 
life in case of shelter in place. A more early evacuation of people with special needs can 
reduce loss of life however information has to be available to call for evacuation. This thesis 
already showed that the evacuation of people with special needs also causes evacuation of 
those without special needs.  
 
Worldwide disasters show that preventive evacuation of hospitals is complex but possible. 
Evacuation becomes more complicated (and loss of life will occur) when the outside world is 
also affected by the flood or consequences of evacuation. Evacuation will take more time and 
people are more vulnerable during evacuation because of the actual conditions. Also the 
services inside a hospital will become disrupted because of lack of water, energy etc. The 
literature about hospital evacuation does not contain statistics on the loss of life resulting 
from preventive evacuation or flooding. In case of preventive evacuation, this will be 
influenced by lack of personnel and worse conditions during transportation than in a hospital. 
In the case of vertical evacuation or shelter in place, logistic processes will come to a stop and 
services inside the hospital become disrupted. These can be influenced by the availability of 
personnel (during day and night), measures to continue (for a certain period) electric power, 
medicine supply, food supply, water supply, air conditioning and equipment and personnel. 
Based on triage protocols, decisions can be made how to address limited resources and to 
minimize loss of life until rescue operations are finished.  
 
This research shows that when multiple hospitals are affected (as in case of coastal flooding 
in the Netherlands) a preventive evacuation of a hospital is expected to result in more loss of 
life than shelter in place. When additional preparations are made for a shelter in place 
strategy the services can be continued during a longer period. These preparations also have 
other benefits during other disasters as for example failure of electricity.  
 
  
PART V 
MAIN RESULTS 
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14 Conclusions and recommendations 
 
Evacuation can reduce the consequences such as the loss of life and damage in the case of a 
flood event or another disaster and it is a widely accepted emergency measure. This thesis 
focuses on large scale flood events. Evacuation itself, not followed by a disaster, can be costly 
because of the loss of life and damage to economic and social processes. It can be costly as 
well because of the perception of the citizens about the authorities and decision makers. 
However no society or infrastructure-system is designed to be able to evacuate all of its 
people and goods in the case of a possible, low-frequency flood scenario. Other measures can 
reduce the risk as well, including protection measures (improve dikes or levees) and the 
implementation of land use planning or building codes.  
Preparation for evacuation can influence the performance of evacuation and reduce loss of life 
in case of a disaster. The consequences and uncertainties have to be taken into consideration 
for multiple strategies of evacuation. Complexity for decision makers in threat driven response 
as flooding will increase compared to event driven response because of uncertainties in 
forecasts about the threat which in general also increase when the lead time increases. 
However a better understanding of these uncertainties increases effectiveness of evacuation 
and therefore reduces loss of life. For this thesis 6 objectives have been defined: 
 
Objective 1: Develop a set of definitions for evacuation, including different types of 
evacuations. 
 
This thesis has developed a set of definitions for evacuation and identified different types of 
evacuation. Evacuation is defined as the process of alarming, warning, preparing, departing 
and (temporarily) holding people, animals, personal belongings and corporate stock and 
supplies from an unsafe location to a relatively safer location. 6 different types of evacuation 
have been defined that contain all possible forms of movement from one place to another 
(preventive evacuation, vertical evacuation, shelter in place, acute evacuation, escape and 
rescue). The process of decision making (and emergency planning) for evacuation can be 
divided into four phases:  
0. Planning and design of a layered evacuation in a multiple layer safety system (see also 
section 9, part III); 
1. Detection and recognition (sense making by decision makers) after early warning; 
2. Transition phase; Organisation and top strategic decision-making; 
3. Period of moving from one place to another. 
 
Top strategic decision making focuses on starting from daily life creating the optimal 
conditions during the evacuation mode for a nearby future response for all stakeholders in the 
case of a threat. The possibility to create an evacuation mode during the transition phase 
depends on the autonomous response by others as authorities as well as citizens.  
The authorities can facilitate (and guide) the future response by the adaptation of the normal 
use of infrastructure and resources to the evacuation mode. This adaptation is related to the 
way in which the traffic-infrastructure is used, information is spread over the society and 
emergency personnel and equipment are reallocated and used. During this ‘evacuation mode’, 
citizens will take their measures and emergency services will operate within the context of 
this evacuation mode. During the transition phase, limited time is available for planning, 
decision making and implementation of measures. Authorities have better opportunities than 
citizens to implement measures because systems to monitor and forecast the threat and 
impact, traffic are owned and operated by the authorities. However, the authorities do not 
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have a monopoly to implement measures or to inform the public or organisations. Information 
is also created, analysed and spread by others including citizens using all types of media, 
including social media. Therefore the decision not to call for an evacuation (or to delay the 
decision) is also a top strategic decision because the autonomous response influences the 
future effectiveness of an evacuation. 
 
Objective 2: Define what is understood by ‘being prepared’ and how the effectiveness of 
evacuation planning can be related to specific requirements in a risk based approach. 
 
Human interventions by authorities or citizens can influence the consequences of evacuation 
positively or negatively. Evacuation planning and decision making are influenced by these 
factors and may address uncertainties. Emergency planning and exercises is based on scenario 
which describe the consequences of an event and measures to take. Evaluation of floods and 
other disasters as well however shows that the assumptions of deterministic planning are not 
equal to the event because for example unplanned failure occurs.  
When experience is limited (as with low-frequency events) and when deterministic planning 
and exercises are used (which in most cases focus on only best-case scenarios), blindness 
may be created for crisis managers and decision makers. This research shows that in 
evacuation planning and exercises also blindness is created for flood risk management that 
focuses on preventive evacuation and in many cases best case scenario with enough lead 
time. Decision makers are trained to take the measures that only work in very specific 
circumstances. This blindness can be prevented when uncertainties are taken into account, 
and made explicit, in emergency planning and exercises using multiple scenarios based on the 
matrix of scenarios for threat and impact and uncertainties in the other elements of 
evacuation as well as different types of evacuation. 
 
Preparation for evacuation is therefore defined as the maximisation of the use of the available 
means and traffic-infrastructure for evacuation in the case of a possible (threat) for a disaster 
to minimise the loss of life and damage.  
 
In a risk-based approach ‘being prepared’ means that the preparation for evacuation can be 
related to criteria that describe the expected results of evacuation (a so called evacuation 
fraction) or the expected consequences after a flood (as expected loss of life). The evacuation 
fraction describes the expected number of people that can evacuate taking uncertainties in 
the available time and the effectiveness of evacuation into account. The evacuation fraction 
can be used to develop criteria for preparation for emergency management in addition to 
criteria for flood defenses.  
 
Objective 3: Develop a model that describes the effectiveness of evacuation strategies as 
preventive and vertical evacuation that takes uncertainties into account. 
 
The effectiveness of evacuation can be described using four elements: 1) threat and impact, 2) 
decision making by authorities, 3) environment traffic infrastructure and 4) citizens’ response. 
The effectiveness of evacuation, taking uncertainties into account, can be assessed in the 
number of people that reach the planned destination in time or in loss of life. To be able to 
cope with these uncertainties the probabilistic evacuation model EvacuAid is developed in this 
thesis. EvacuaAid defines the effectiveness of evacuation as a function of time for different 
strategies for evacuation as preventive evacuation or shelter in place or vertical evacuation. 
The EvacuAid method can be applied for emergency planning as well as for top strategic 
decision making.  
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The EvacuAid method shows that the result of an evacuation is strongly influenced by 
uncertainties in the elements of evacuation. Evacuation planning has to take these 
uncertainties into account. The moment when a preventive evacuation results in the same 
expected loss of life as a strategy for vertical evacuation & shelter in place is called the 
Evacuation Dilemma Point. When the available time for evacuation is less than the Evacuation 
Dilemma Point, preventive evacuation is not preferred, and another strategy is expected to 
result in less loss of life. When the available time is more than the Evacuation Dilemma Point, 
a preventive evacuation results in less loss of life than other strategies.  
 
In the case study for the Netherlands, it is shown that the evacuation fraction can be 
influenced most effectively by an increase in the available time for evacuation, and 
improvements in the other elements of evacuation are less effective. Additionally, estimations 
can be made for the effectiveness of the measures in influencing the citizen response, 
adapting the infrastructure or decision making based on the actual circumstances in the case 
of a threat. The case study also showed that a preventive evacuation does not for all events 
result in less loss of life than other strategies for evacuation. Even for river areas with on 
average a long lead time a preventive evacuation can result in more loss of life than vertical 
evacuation in case of events with limited lead time as caused for example by seepage.  
The optimal strategy depends on the circumstances of the area and the actual conditions of 
the threat. For example for South Holland (dike ring 14) a preventive evacuation strategy will 
only result is less loss of life than vertical evacuation in a best case situation. In more than 
90% of the possible events a preventive evacuation will result in (far more) more loss of life 
than vertical evacuation. For other areas, as for example Fryslan and Groningen a preventive 
evacuation results in 50% of the events in less loss of life than vertical evacuation. In addition 
a preventive evacuation will cause more economic damage than a vertical evacuation. 
Emergency planning documents and exercises of the authorities however focus on these best 
case scenarios and preventive evacuation.  
 
In theory, more effective evacuation strategies (using traffic models) can be developed when 
all information is known; however, this information does not improve decision making 
because it is not available in time. In addition, when new information of traffic models is 
known and used by decision makers, this will result in new evacuation strategies. Because of 
the low frequency of evacuation the risk for failure increases due to measures are not known 
or logical to the first responders. This also assumes that coordination structures are effective, 
which is not always the case.  
 
Objective 4: Define a risk based approach for decision makers to select measures of different 
layers as prevention, land use planning or evacuation and emergency management to design a 
system with regard the acceptable level of risk. 
 
Taking uncertainties and costs into account, no system is or will be designed to cope with all 
possible evacuations and low frequent flood events. Because budgets are limited measures 
have to compete with other measures that reduce the risk.  
 
The economic ‘multiple layer’ model developed in this thesis to define optimal investment 
strategies for multiple layer systems can be used to define the optimal mix of measures that 
reduce the risk. However, in no case will the risk will be equal to zero. Therefore, the political 
task is to define the acceptable level of risk.  
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An economic approach for a multiple layer system that consists of prevention, land use 
planning and emergency management shows that when the value of the protected area is 
reduced, investments are more spread out over all layers. When the value of an area 
increases, the investments in the layer prevention increase compared to the other layers. 
Investments that focus on physical measures to reduce the consequences of a flood in the 
layers of land use planning and emergency management (e.g., additional personnel, road 
capacity, emergency equipment, elevation of surface level, adaptive building) have to reduce 
the consequences significantly to be cost effective because of the high costs of these 
investments.  
Investments in the organisation of emergency management (that focus on better use of 
infrastructure, emergency personnel and resources and citizen response that are already in 
place) by planning, training, education and research are relatively low cost and are therefore 
cost effective, even when flooding is low-frequency. However, the available budget for this 
layer is very limited compared to the layer prevention. A comparison of several evacuation 
measures showed that measures that focus on a reduction of the time needed for decision 
making are more cost effective than measures that increase effectiveness of coordination.  
 
In a public debate about the selection of measures also non-economic objectives have a role. 
Taking the limited risk reduction of emergency management into account a discussion can rise 
about the need to invest in these. An important reason for the authorities however to invest 
in them is the fact that the authorities can show that have taken accountability to be prepared 
for a crisis. The survey among decision makers as part of this thesis showed the importance 
for decision makers of this investment. This is not a call for unlimited investment in 
evacuation planning but supports limited investments related to results driven requirements 
for evacuation. 
 
Objective 5: Define a crisis management approach for decision makers (using thresholds) to 
call for the ‘go or no-go’ decision for evacuation as well as thresholds for other phases of 
evacuation planning. 
 
In this thesis an approach is developed to define the minimal conditional probability of 
flooding (given a forecast of water levels) to implement measures based on a cost benefit 
analyses. The minimal conditional probability of flooding depends on the time because the 
consequences of evacuation are influenced by the time. The minimal conditional probability of 
flooding to implement measures can be presented in ‘evacuation-iso-graphs’ to support 
decision makers. An evacuation-iso-graph describes the minimal conditional probability of 
flooding as a function of the prevented loss of life and costs in case of a possible flood and 
the created loss of life and costs because of evacuation.  
 
It is concluded that a centralised decision making process increase effectiveness of 
evacuation. In a democracy tasks and responsibilities are spread over several local, regional 
and national organisations, these organisations also have a role in the crisis management 
structure. The complexity of emergency management structures is related to the performance 
of evacuation and the optimal probability to call for evacuation. The minimal conditional 
probability of flooding to call for evacuation increases when effectiveness of evacuation 
decreases and when the costs increases. 
An emergency management structure of one team for top strategic decision making advised by 
experts and other teams to execute the measures reduces the time for decision making. The 
more teams are involved in the top strategic decision process the risk for time consuming 
discussion rises and the time to move to a safe location decreases, also the costs will rise 
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because more people are involved. The increase in time needed for decision making is 
because of the time required for all meetings and gather information as well as because more 
perceptions of involved decision makers and crisis managers are available have to be 
considered. As a consequence, fewer people can evacuate and the loss of life increases in the 
case of a flood.  
 
Objective 6: Develop an adaptive approach for evacuation planning and decision making for 
low frequent but large scale events when multiple stakeholders are involved and the 
consequences of evacuation itself will significantly impact economic and social processes. 
 
Based on objective 5 it is already concluded that a complex emergency structure involved in 
top strategic decision making limits the performance of evacuation. Evacuation planning for 
low frequent but large scale events requires flexibility and simplicity. Because of uncertainty 
in the lead time and size of the event as well as other elements of evacuation, a ‘one scenario 
fit’s all’ approach is not sufficient for emergency planning or decision making. Flexibility is 
required to deal with uncertainties, to identify more or less possible events given forecasts 
and to respond optimal. Simplicity is required to minimize the risk of failure of traffic 
infrastructure and measures by emergency personnel and citizens’ response. The selection of 
measures considers the costs and benefits of an evacuation relative to the probability of 
flooding. 
 
Adaptive evacuation planning, as introduced in this thesis, is able to optimise the respond to 
possible events. This thesis defined an approach based on evacuation bricks defined per type 
of evacuation as a function of time for an area. Based on the size of the evacuation and 
organisation zone combination of evacuation bricks can be formed taking the capacities of 
connecting evacuation routes and available assistance into account. Using a basic strategy of 
vertical evacuation combined with shelter in place (plan A) some areas can evacuate 
preventive when time is available for evacuation and the advice can be communicated to the 
people in the area (plan B).  
Non-compliance occurs in all strategies of evacuation because of choices of citizens. This 
means that despite the chosen strategy some people will stay in the evacuation zone and 
others will evacuate preventively. Measures that increase the outflow of people by a better 
use of the infrastructure are even for strategies that focus on vertical evacuation or shelter in 
situ a measure that increase performance of evacuation. The implementation of traffic 
management to maximise the use of evacuation routes is therefore independent with regard 
the choice to evacuate preventive, vertical or shelter in place. Because the costs of traffic 
management are very limited compared to the benefits in case of a flood it can also be seen 
as a no regret measures as also applies for early warning. 
 
People with special needs are more vulnerable in the case of a flood but also during 
evacuation. People with special needs are people who depend on others during daily life. 
When these needs are not fulfilled, the risk for loss of life increases.  
Evacuation of hospitals or the continuity of services in the case of a flood becomes more 
complicated, and causes loss of life, when the outside world is also affected by the disaster or 
consequences of evacuation. In the case of preventive evacuation, the loss of life will be 
influenced by traffic jams and the lack of personnel (who are also evacuating). In the case of 
vertical evacuation or shelter in place, logistic process will come to a stop depending on the 
availability of personnel (during the day and night), electric power, medicine supply, food 
supply, water supply, air conditioning and equipment and personnel. Based on triage 
protocols, decisions can be made for how to address limited resources.  
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A preventive evacuation of a hospital is not in any case the optimal strategy compared to 
vertical evacuation or shelter in place. It is shown that preventive evacuation of people with 
special needs in disasters or catastrophes might be contra effective and results in more loss of 
life than shelter in place. Because of the evacuation and failure to fulfil all of the needs of this 
population, loss of life will occur during evacuation. When additional preparation are made for 
vertical evacuation or shelter in place, the resilience of a hospital increases, and this can also 
have positive consequences for other disasters, such as the loss of electricity. 
 
Recommendations for future research 
Based on this thesis five recommendations for furthers research are defined: 
 
1. The first recommendation focuses on the relation between loss of life and the 
circumstances where people are exposed to flooding. The method EvacuAid as 
developed in this thesis relates the effectiveness of evacuation to mortality rates for 
different locations where people are exposed to flooding. Loss of life function which 
apply to all people which did not evacuate preventive and information about the 
location of fatalities are used for an expert judgment estimation for these mortality 
rates. Further research about the relation between the locations where people are 
exposed, the circumstances (as the temperature and the level of preparedness) can 
result in better estimation of loss of life and increase effectiveness of emergency 
planning and decision making. 
 
2. The second recommendation focuses on research strategies to gather data. Experience 
with low frequent and large scale disasters is limited. Exercises focus only on parts of 
the disasters, a full exercise complete with evacuation of all people is costly and not 
without risk for loss of life. Therefore structural attention is needed for data collection 
and research about the understanding of evacuation. Although this recommendation 
sounds obvious it is not. Because of the limited risk perception of citizens but decision 
makers as well there is no need to give attention to understanding and learning of 
worldwide disasters. 
The framework of evacuation as described in this thesis can be used as a data collection 
model for worldwide evacuation and flood disasters. Structural attention to worldwide 
floods can increase knowledge which can be used to reflect to assumptions made in 
emergency planning and to develop best practices. The framework and adaptive 
evacuation model as developed in this research can be validated and improved using 
the collected information.  
 
3. The third recommendation focusses on the relation between investments in emergency 
planning and effectiveness of evacuation and loss of life. The model developed for 
multiple layer safety analyses requires a relation between investment and effectiveness. 
In this research that relation is based on data available in the Netherlands developed 
during the exercise Waterproef and the 2 year period for preparation. Further research is 
recommended to describe the relation between investments in emergency planning, 
communication, risk awareness, training and exercises and the effectiveness of 
evacuation. 
This knowledge can be used for more efficient research programs and preparation 
efforts for emergency management to reach and maintain the required level of 
preparedness (as can be based on an evacuation fraction).  
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4. The fourth recommendation focusses on the relation between the risk perception of 
people, risk and crisiscommunication and the effectiveness of evacuation and loss of 
life for threat driven response. Much literature describes the limited risk perception for 
low frequent (but large scale) flood and the complexity to get attention of the public. In 
the case that the capacity of traffic infrastructure and emergency services are limited, 
which is the case for low frequent but large scale disasters, and when forecasts are 
available it can be questioned what the impact of a limited risk perception is. During 
the available time based on forecast information about the risk can be communicated, 
and it can be questioned is the (over)load on traffic infrastructure not already gives 
direction to citizens response. More insight is needed in the interaction between risk 
and crisiscommunication and the behaviour of people taken the actual circumstances 
into account. This knowledge can be used to improve communication strategies and to 
relate this to the circumstances during the evacuation mode.  
 
5. The fifth recommendation is to develop a risk based review method to test if the 
effectiveness of emergency preparation meets the defined safety standards. This review 
method can be used for frequent tests and to select measures the meet the safety 
standards. Although the contribution of emergency management is limited as shown in 
this research for the optimal mix of measures, the review method can support decision 
makers to show their accountability and avoid symbolism. The review method can also 
be used to reduce the risk for unlimited investments because ‘things can go wrong’.  
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15 Reflection on the implications for 
evacuation preparation as part of 
flood risk management in the 
Netherlands  
 
This section describes the implications for the Netherlands based on the case studies and 
conclusion and recommendations. This section describes a way to implement the developed 
knowledge in emergency management structures and evacuation preparation. 
 
1. Simplify and centralise the Dutch crisis management structure for top strategic decision 
making to increase effectiveness of evacuation and reduce costs and uncertainties.  
 
The analyses conducted with EvacuaAid in this thesis showed that an increase of the available 
time for phase 3 of evacuation (by better use of forecast and a decrease in the time needed 
for decision making) is more effective than better connected planning and far more effective 
than investments in investments in additional road capacity or emergency services.  
 
The top strategic decision-making process for evacuation in the case of flooding in the 
Netherlands is complex and time consuming because of the role of multiple organisations on 
the local, regional and national level and the internal crisis management organisation within 
these organisations. Time is needed to share and understand information during phase 1 
(detection and sense making) and to connect measures between organisations during phase 2 
(transition phase). This emergency structure is also costly because of the involvement of many 
stakeholders. As a consequence less time is available for evacuation so effectiveness of 
evacuation decreases and loss of life in case of a flood increases. Also the costs of emergency 
management rise when more stakeholders are involved. As a consequence the minimal 
conditional probability of flooding to call for evacuation increases.  
 
Top strategic decisions can be made by one team of decision makers which is advised by a 
team of experts. This team of top strategic decision makers has to decide how to create an 
evacuation mode in the evacuation and organisation zone during the transition phase, all 
other teams execute the chosen strategy. For the Netherlands, this will, in most cases, be a 
top strategic decision team on the national level because of the size of a flood and 
evacuation. Such a team already exists (called MCCB) but decisions are made after a process 
of sharing information with multiple other strategic and operational teams involved in top 
strategic decision making. The simplified and centralised top strategic decision making can be 
based on evacuationbricks developed during preparation used for strategy building during a 
crisis.  
 
The expert team can be divided in two parts. Experts on evacuation advise the top strategic 
decision team about the possible strategies for evacuation (using the Strategy builder and 
EvacuAid) and the consequences of evacuation. Experts on flooding inform the top strategic 
decision team about the probability of possible flooding scenarios (element threat and impact) 
using the matrix of scenarios. When decisions are made, the existing emergency structures (as 
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Safety Region, Water Boards and other crisis centers) can be used to organise the 
implementation of measures during the transition phase. These measures create an 
evacuation mode which includes strategic communication to the public to influence behaviour 
and facilitate evacuation.  
 
2. Develop one expert team for evacuation to advise top strategic decision makers, review 
the evacuation planning approach and to develop knowledge about evacuation which 
contributes to a more uniform approach and reduce complexity and costs.  
 
Evacuation is a low-frequency event and requires measures of emergency services and citizens 
which are far beyond normal day-to-day life and emergency measures. Therefore, the 
measures are also far beyond normal (strategic and tactical) measures taken by organisation 
and emergency personnel. Evacuation planning cannot be calibrated or validated. However, 
evacuation planning can be based on models about flooding and evacuation and statistics as 
described in this thesis. The creation of an evacuation mode, however, requires knowledge 
about all elements of evacuation and measures to address uncertainties. Because of the lack 
of uncertainties, assumptions have to be made about how to address these uncertainties.  
In addition, this thesis also showed that in a multiple layer safety system using an economic 
approach only a limited budget is available for emergency management. When more experts 
have to be educated the budget has to increase. Therefore it is recommended to develop one 
expert team for evacuation which is responsible for: 
 Support with strategy building during a crisis, the development of evacuation bricks 
during preparation and knowledge about capacities of connecting traffic infrastructure 
and additional assistance. Therefore, less strategic knowledge about evacuation is 
required among all stakeholders because this is available in the expert team. Each 
stakeholder has to be able to execute the role as described in an evacuation brick;  
 Review evacuation preparation frequently as each 4 to 6 years per organisation as well 
as the connections between all stakeholders using different threat and impact 
scenarios. This review can be related to assessments of whether preparation (planning, 
exercises, information management, etc.) is sufficient and meets the required level 
based on the ’evacuation fraction’. Over time knowledge and best practices can be 
shared that contribute to a more uniform approach; 
 Implement and develop new knowledge about evacuation. This new developed 
knowledge or experiences based on evaluations of worldwide events can be added to 
the evacuation planning approach and over time replace expert judgment by new facts. 
 
A negative consequence of this expert team is that these individuals have multiple roles as 
advisors, inspectors and researchers. The independence of this team can be seen as a 
problem. The question however is whether this independence outweighs the complexity of 
dealing with low-frequency events. A possible measure to reduce the impact of independence 
is to define results-driven criteria for evacuation and approaches for how to estimate them. 
Another possible measure is the structure of the expert team to involve researchers, 
inspectors and policy makers and practitioners within the team.  
 
3. Use of a probabilistic approach for evacuation preparation to develop adaptive 
evacuation planning. Prepare for ‘vertical evacuation’ combined with ’shelter in place’ 
as a basic strategy (plan A) in addition to ‘preventive evacuation’ (plan B) if time is 
available to reduce the expected loss of life. This strategy can be described as “Stay and 
only leave when indicated” and will be developed based on the actual circumstances. 
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Vertical evacuation in combination with shelter in place results in less loss of life than 
preventive evacuation in case of a flood when limited time is available. The consequences of 
preventive evacuation for loss of life and economic and social process can also be significant.  
The moment when a preventive evacuation results in less loss of life than vertical evacuation 
depends on the uncertainty of the elements of evacuation and the local circumstances. Taking 
uncertainties in the elements of evacuation into account (and the evacuation dilemma point), 
the effectiveness of both strategies can be defined using EvacuAid and related to the matrix of 
possible flood scenarios. For example, for dike ring area 14, it is shown that preventive 
evacuation results only in less loss of life compared with a vertical evacuation in a best case 
situation. In other situations, as an average or expected event, preventive evacuation results 
in more loss of life than vertical evacuation. For other areas, such as river areas, a preventive 
evacuation results in less loss of life in the case of average conditions. However, during worse 
than expected conditions, in river areas, a vertical evacuation can result in less loss of life 
than preventive evacuation.  
 
As a contradiction to the knowledge about the effectiveness of evacuation strategies, 
preparation of the authorities (emergency planning and training and exercises) focuses on 
preventive evacuation, with dike ring area 14 as the clearest example. This preparation activity 
uses scenarios in which the lead time is based on positive assumptions using the matrix of 
flood scenarios that describe the elements of threat and impact. As a consequence, top 
strategic decision makers and emergency personnel are trained to respond to best case (with 
a long lead time) events that have a low probability compared to other events. During more 
probable events, the measures for which people are trained and prepared might be less 
effective than others.  
 
It is recommended to prepare to be able to implement possible strategies for evacuation and 
not a specific strategy of evacuation. To simplify evacuation it is recommended to use vertical 
evacuation combined with shelter in place as the basic strategy. The local water depth has to 
be known so those who don’t have a dry floor in their shelter can find one in the 
neighbourhood. When time is available other strategies can be developed using evacuation 
bricks of an area of vertical evacuation combined with shelter in place and preventive 
evacuation taking the traffic infrastructure capacity and assistance into account as well as the 
forecasts about flooding. This requires a team of decision makers able to develop evacuation 
strategies estimate the consequences and decide on possible evacuation strategies. Specific 
measures, as the implementation of national traffic management and to initiate crisis 
management structures are no regret measures because of the limited costs.  
 
As a consequence, it cannot be defined (and also not communicated to the public) in advance 
which strategy will be conducted for evacuation. This information can be given by the 
authorities during the transition phase after top strategic decision making. In advance the 
possible strategies including the basic strategy can be highlighted as well as the role of the 
government to give information.  
 
4. Develop criteria and evacuation-iso-graphs for risk-based decision making with regard to 
top strategic decision making and the process of early warning. 
 
This thesis showed that decision makers in the Netherlands the most important information 
for decision making is related to the probability and the consequences of evacuation and a 
flood. Also accountability for decision is important, which means that they have to be able to 
explain and clarify them. This thesis showed that top strategic decision making is influenced 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
262 B. KOLEN  
by the way the risk is interpreted, by the actual conditions of the event and by how 
information is presented.  
 
Risk-based criteria, using cost-benefit analysis, can be defined using the approach developed 
in this thesis. These risk-based criteria describe the minimal conditional probability of flooding 
to make decisions for evacuation. These can be presented in an evacuation-iso-graph. 
 
Although cost-benefit analyses do not prescribe the outcome of top strategic decision making, 
the criteria can be used to support rational decision making. Decision makers can use these 
criteria and relate this to other information or objectives and make a responsible decision. 
Because of the availability of rational information, decision makers can better address 
uncertainties and reduce the impact of ambiguity.  
 
5. Use the frequency of the activation of emergency planning as the incentive for 
emergency preparation in case of threat driven response instead of the frequency of a 
flood. 
 
Because of the impact of a flood and the impact of evacuation and the availability of 
forecasts, the frequency of early warning and evacuation will be far more than the frequency 
of a flood. This means that the decision to evacuate is made more often than floods occur, 
and the team for top strategic decision making will meet far more often than it is decided to 
evacuate. These situations cannot be seen as false alarms, but are planned. Evacuation 
preparation therefore also has to focus on situations in which no measures are taken because 
these are more realistic. The incentive for evacuation planning is therefore not related to the 
frequency of a flood (as once in 1000 year) but related to the frequency of decision making 
(as could be once in a ten to hundred year).  
 
6. Define requirements for evacuation preparation and emergency management as part of 
a flood risk management approach. These requirements, as an evacuation fraction, can 
be used to assess the effectiveness of evacuation planning and the need to invest in 
measures such as additional evacuation planning, training and exercises, information 
management, etc.  
 
Decision makers and crisis managers state in many cases that the level of evacuation 
preparedness is sufficient (in Dutch, “op orde”). In other words, the level of preparation 
meets the defined requirements. This statement is in fact a symbol to show that decision 
makers and crisis managers have done their job but no results-driven criteria are used. Others 
however can create a platform for unlimited improvements to state that additional preparation 
is required because of the existence of ‘what if’ scenarios which describe what can go wrong.  
 
Both approaches are unrelated to the acceptable level of risk. In Dutch flood risk analyses, the 
effectiveness of preventive evacuation is taken into account by the use of an evacuation 
fraction. This evacuation fraction can be seen as a requirement for evacuation: an explicit 
value that describes the effectiveness of evacuation based on uncertainties for the available 
time for evacuation and the required time to execute strategies.  
 
It is recommended to define requirements for evacuation preparedness and emergency 
management that are related to the results and can be used in a risk-based approach. These 
requirements can be used to evaluate effectiveness (and costs) for measures with regard to 
preparation (planning, exercises, etc.). These requirements can also be used to evaluate the 
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response to real events. Because of uncertainty in the elements of evacuation, these have to 
be taken into account. The evacuation fraction (expanded for vertical evacuation) can be such 
a parameter related to the requirements.  
The communication of the evacuation fraction to the public also shows that the authorities 
cannot reduce the consequences to zero and that have to prepare them in case of a flood.  
 
7. Evacuation of people with special needs and evacuation should consider the probability 
for loss of life due to evacuation.  
 
When multiple hospitals are threatened at once, this research shows that a vertical evacuation 
or shelter in place reduces the expected loss of life more than preventive evacuation. This is 
because of the uncertainty in the threatened area and because of the frequency of preventive 
evacuation in the case of a flood. The preparation for vertical evacuation or shelter in place in 
combination with the increase of the resilience of a hospital can also contribute to other 
threats for hospitals, such as the loss of electricity.  
 
The number of people with special needs that require the capacity of emergency services or 
institutions can be reduced in the case of threat-driven response. This requires pro-active 
measures to use citizens’ response (such as family, parents and children and friends who can 
take care of them). 
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Appendix B: Definitions 
 
Acceptable risk The risk that a society is willing to accept after a combination of 
measures and will not be further reduced by additional measures.  
Acute evacuation The organisation and movement of people from a potentially exposed 
area to a safe location outside this area, initiated after the onset of a 
disaster and before exposure, controlled by authorities. 
Adaptive 
evacuation 
planning 
A planning approach in which multiple stakeholders work together based 
on a probabilistic approach. This approach requires that organisations are 
able to cope with uncertainty, a variety of involved organisations and can 
select measures based on the actual conditions. 
Advised evacuation Evacuation initiated on the advice of the authorities. 
Ambiguity The use of multiple frames of reference regarding a certain phenomenon.
available time The period between the beginning of the evacuation and the onset of the 
disaster. 
Being prepared Preparation related to defined criteria related to the results (or 
consequences). 
Bestcase scenario A scenario, based on optimistic boundary conditions, which describes an 
event and measures which assumes that both happens as planned. 
Crisis managers A person that is responsible for the emergency management organisation 
of an organisation to gather information for decision makers and 
operational services.  
Decision maker The person that represents an authority and which is responsible for the 
decisions about measures.  
Design scenario 1 scenario that represents all possible scenarios  
Deterministic 
planning 
Planning based on a best case scenario in which all decisions and 
measures are as effective as expected, including the reality of the threat, 
and all measures fit within one defined scenario. 
Directly exposed 
area 
The area that is affected because of the event. 
Early warning A warning about a possible threat before the onset of the disaster based 
on forecasts. Whether a warning is early or not depends on the time 
needed to complete the measure. 
EavcuAid A probabilistic evacuation model to determine the effectiveness of 
different types of evacuation with regard to the loss of life and the 
number of people that can reach the planned location. 
Emergency 
capacities 
The effectiveness of the emergency equipment and the emergency 
personnel in case of a disaster. 
Emergency 
equipment  
The number of resources of emergency services which are available in 
case of a crisis. 
Emergency The number of personell of emergency services which are available in 
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personnel  case of a crisis. 
Epistemic 
uncertainty 
Uncertainty because of the imperfect knowledge about a system. 
Escape The organisation and movement of people by themselves through the 
exposed area. 
Evacuation The process of alerting, warning, deciding, preparing, departing and 
(temporarily) holding people, animals, personal belongings and corporate 
stock and supplies from an unsafe location at a relatively safer location 
given the actual circumstances. 
Evacuation 
dilemma point 
The moment when a preventive evacuation results in the same loss of 
life as a vertical evacuation. 
Evacuation Iso 
Graph 
A diagram that shows the optimal probability to call for evacuation based 
on the consequences of evacuation. 
Evacuation mode Society adapted to a situation when resources and infrastructure is used 
to maximize the effectiveness of evacuation, which can limit other 
purposes as economic processes. 
evacuation strategy The combination of different types of evacuations in one strategy and the 
organisation and execution of the evacuation. 
evacuation zone the area in which people move to a more safe location. 
Event-driven 
response 
Disasters in which an evacuation can begin after the onset of the 
disaster because no signals are available. 
Exposure Exposure relates to the values, objects and people present within the 
area exposed to the hazard. 
False alarm A alarm based on wrong information (e.g., forecasting models) or when 
procedures are not used correctly. 
Flood risk The probability of the event multiplied by the consequences.
An alternative definitions describe the risk in terms of hazard, 
vulnerability and exposure. 
Forced evacuation An evacuation when all inhabitants are (physically) forced to leave the 
area. 
Hazard The hazard refers to the threatening natural event, including its 
probability of occurrence. 
Indirectly exposed 
area 
The area that is affected by the event but not by direct exposure to the 
cause itself. 
Layer Emergency 
management 
The use of emergency management, evacuation and citizen response to 
reduce the consequences in case of a flood. 
Layer Land use 
planning 
The combination of land use planning measures and building codes in an 
area in relation to the consequences of a flood. 
Layer Prevention The probability of dike failure which causes flooding, the probability can 
be influenced by flood defences. 
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Lead time The window of time between the moment of detection and first warning 
(Td) and expected moment of failure of flood defenses. 
Mandatory 
evacuation 
Evacuation initiated by an order (supported by laws) from the 
authorities. 
Matrix of scenarios Set of scenarios that consists of classes for the size of the event as 
available time. Within this set of scenarios several scenarios exist. 
Missed call When a flood occurs but no warning is issued while forecasting was 
available. 
multiple layer 
safety 
A combination measures over more than 1 layer (as prevention) which 
focuses on elements of the risk to reduce the consequences. For the 
Netherlands three layers are considered: prevention, land use planning 
and emergency management. 
Ontological 
uncertainty 
Inherent variability or unpredictability of the system. 
Organisation zone as the area outside the potentially exposed area in which measures are 
implemented to support transportation or sheltering from the evacuation 
zone. 
Planned failure An event that exceeds the design criteria of a layer in a risk based 
approach. 
Preparation Maximization of the use of the available means and infrastructure for 
evacuation in the case of a possible (threat for a) disaster. 
Preventive 
evacuation 
The organisation and horizontal movement of people from a potentially 
exposed area to a safe location outside this area that begins before the 
onset of the disaster. 
Probabilistic 
planning 
Planning that takes into account uncertainties and relates the possible 
circumstances to the possible measures. 
required time The period necessary to complete the execution of a strategy. 
Rescue The organisation and removal of people by rescue workers from an 
exposed area. 
Safe havens An area inside the threatened zone that will not be exposed to a flood.
Scenario A scenario is defined as the development of an event based on a given 
set of assumptions. 
Shadow evacuation Spontaneous evacuation of an area outside a potentially exposed area 
influenced by the risk perception of the people in the area. 
Shadow Evacuation 
area 
The area in which people have the perception that they are threatened 
and therefore evacuate even though they are outside the direct and 
indirect exposed area.  
Shelter in place (or 
hiding, or shelter in 
situ) 
The organisation and vertical movement to safe locations inside buildings 
where people live and work before the start of the disaster or moment of 
exposure at a location. 
Shelters Strong buildings that offer protection for gathered people and goods. 
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Spontaneous 
evacuation 
Evacuation initiated by citizen response without advice (or orders) from 
the authorities. 
Strategy A strategy is defined as a selection of measures to fulfil a defined 
objective. 
Strategy builder A method to support the development and decision making process for 
mass evacuation during the transition phase when multiple areas have 
to be evacuated in which the consequences of evacuation are taking into 
account using pre-defined building bricks. 
Threat-driven 
response 
Response initiated based on forecasts or other signals of a possible 
disaster before the onset of the disaster. 
Threatened area The area in which people are exposed to the direct or indirect 
consequences of a disaster. 
Top strategic 
decision making 
Top strategic decision addresses the high level strategy choices to create 
the optimal circumstances for further response by others. 
Transition phase The phase in which authorities can adapt the infrastructure, reallocating 
the means and rescue workers and informing the public about the 
consequences to increase the later effectiveness of emergency measures.
Vertical evacuation The organisation and a combined horizontal and vertical movement 
inside the potentially exposed area, before the onset of the disaster or 
moment of exposure, to shelters or safe havens. 
Vulnerability Vulnerability is broadly defined as the potential for loss, and exposure 
relates to the values, objects and people present within the area exposed 
to the hazard. 
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Appendix C: The Dutch delta 
revisited: a representative delta 
 
Abstract 
The Dutch Delta is used in many examples in this thesis. Section 2 introduces the Dutch Delta 
already as a reference for the issues in other delta areas in the world. Because of the 
characteristics of the Dutch Delta, more insight in the effectiveness of different evacuation 
strategies can be used to improve evacuation planning and decision making. Some 
characteristics which can also been seen in other delta areas are, the limited lead time, the 
low frequency of flood and evacuation events, the size of the flood event related to the size 
of administrative borders, the limited road capacity, a low risk perception for flooding among 
citizens as well as decision makers.  
Flood risk management in the Netherlands is also based on a risk-based approach. When 
evacuation is considered as a par, or layer, of flood risk management the level of 
preparedness (requirements) has to be related to the effectiveness of the evacuation. This 
can be expressed in a so-called evacuation fraction, which is the expected number of people 
in an area that can evacuate in time.  
This section introduces the Dutch flood risk management and emergency management 
approach as the basis for the different case studies described in this thesis.  
 
 
Introduction to flood risk in the Netherlands 
 
Many of the 16.5 million people in the Netherlands live in areas prone to flooding because of 
extreme discharges from rivers or storm surges along the coast. Approximately one-third of 
the county is below sea level, about two third is prone to flooding. Therefore, the Dutch have 
a long history of flood protection starting in the middle ages.  
 
  
Figure 50: Flood-prone area of the Netherlands (left) and safety level per dike ring areas for protection (right) 
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Figure 50 shows the flood-prone area (left) and the dike ring areas, including the safety 
standards that are used to protect areas from flooding. A dike ring is an area protected by a 
ring of flood defenses which consist of levees, dunes and structures. These flood defences and 
the reduction of the frequency of flooding created the circumstances that lead to economic 
and social development. In total, 70% of the Gross Domestic Product is earned in the area 
prone to flooding.  
 
Today, large scale flooding because of extreme river discharges and storm surges is a low-
frequency event in the Netherlands. The Netherlands has never before enjoyed the level of 
protection against flooding that is in place today, but a risk of flooding will always persist. A 
consequence of this successful strategy is the low perception of flood risk by the public and 
the lack of incentive to prepare mitigating measures (Terpstra 2009). Preparation is a 
continuous struggle for the authorities that requires on-going attention (ten Brinke et al. 
2008a). 
 
Risk analyses for the Netherlands in 2008 (BZK 2008b) and 2009 (BZK 2009) showed flooding to 
be the disaster type with the most extreme, catastrophic consequences. However, the 
probability of flooding is “highly unlikely” (Figure 51), assuming that the flood protection 
meets the safety standards and that the safety standards are equal to the probability of 
flooding. These risk analyses were the result of a national security programme started by the 
Dutch government in 2007 (PNV 2007). Because of the huge size and consequences a flood is 
considered to be a national crisis (Helsloot and Scholtens 2007; ten Brinke et al. 2010). 
 
 
Figure 51: Risk diagram for the Netherlands (BZK 2010) showing the risks of different types of threats 
The actual probability for flooding however is far more than the probability set by law (VenW 
2011b). About one third of the levees does not meet the safety standard. Recent research 
(referred to as VNK2 in which a fully quantitative probabilistic approach is used to define flood 
risk (Jongejan et al. 2011)) and better understanding about seepage (Vrijling et al. 2010) shows 
that the actual probability for flooding is far higher (VenW 2005). This should lead to an update 
of the risk diagram, as shown in Figure 51, when the actual probability of flooding is taken 
into account. 
 
 
2013 Certainty of uncertainty in evacuation for threat driven responses 
 Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
  B. KOLEN 295 
Flood risk management since the middle ages: a focus on 
prevention and a shift to a risk-based approach 
 
Historically, the Netherlands has focused primarily on flood prevention. This focus has resulted 
in a flood defence system with the highest safety standards in the world. Since the Middle 
Ages, the Netherlands has increasingly focused on flood protection. Historically, people lived in 
elevated areas (called ‘terpen’ in Dutch), which can still be seen in the landscape. 
Additionally, the centres of old cities (with the church at the highest point) were built on local 
high areas that were relatively safe from flooding. Since the Middle Ages, however, it was 
understood that the protection of the land by dikes and levees offered better opportunities for 
more efficient farming and expansion of the population. After each flood, the defence system 
was upgraded to at least withstand the previous flood (van de Ven 2004; ten Brinke 2007).  
 
The North Sea floods of 1953 marked a change in policy. In total, 1835 people were killed in 
the Netherlands as well as many others in the flooded parts of the United Kingdom and 
Belgium (Gerritsen 2005). Many problems occurred during the warning and the acceptance of 
warning among the decision makers (Slager 2003; Vinet et al. 2012; Lumbroso and Vinet 2011; 
Kolen et al. 2012c). In the Netherlands, the common opinion after the flood of 1953 was that 
‘this must never happen again.’ The current safety levels in the Netherlands are based on the 
risk approach designed by the Delta Commission in the 1960s. This approach defined the 
optimal level of prevention based on the combination of the probability of flooding and the 
consequences of flooding (Dantzig 1956). 
 
The safety standards for flooding are defined in the Water Act as a probability that water levels 
will exceed a water level (see Figure 50; previously, this act was called the Flood Protection 
Act). For the area of South Holland, the exceedance probability for water levels is 1/10,000 per 
year. For the area of Rivierenland, the exceedance probability for water levels is 1/1250 per 
year. The flood defences are checked every 6 years (in the future maybe 12 years) to 
determine whether they are still adequate for the actual conditions. This results in a 
‘reinforcement programme’ for parts that fail these tests. After the 2006 test, approximately 
24% of the flood defences did not meet the defined criteria and had to be improved (and 32% 
was not known). This resulted in a dike reinforcement programme of more the 3 billion . 
The test in 2011 showed that more flood defences met the defined criteria; however, 33% did 
not (these include flood defences that were not known in 2006). Recently, the available budget 
to fulfil these tasks has come under pressure, resulting in a call for further development of 
this approach (Heuvelhof 2010).  
 
Although the level of flood protection in the Netherlands has never been higher than the 
current standards, in 2008, the second Delta Commission advised the Dutch government 
(Deltacommissie 2008) to increase the safety level by a factor of 10 because of the growth of 
welfare (and possible damage) since 1960. The second Delta Commission also advised that the 
expected loss of life be taken into account based on an individual as well as a group level. 
 
The last major evacuation related to a threat of flooding took place in 1995 in the area of 
Rivierenland. Approximately 250,000 people were evacuated because of extreme water levels 
on the Rhine and Meuse rivers (van Duin et al. 1995; Meurs 1996). In the end, the evacuated 
area did not flood. Since 1995, the Netherlands has faced several small evacuations because of 
bush fires (in the area of Bergen en Schoorl between 2009 and 2011), a dike breach in a canal 
system (Wilnis in 2003) and a threat of flooding along a canal in Groningen (2012). Although 
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people evacuated in these events, all of them were small events compared to a threat of 
flooding from river or sea. 
 
 
Recent shift to combine the probability and consequences  
 
A policy evaluation of 50 years of flood risk policy in 2004 showed that the Netherlands is not 
well prepared to cope with the consequences of extreme flooding. Because of the focus of the 
policy on developing and maintaining strong flood defences, the possibility that a flood could 
still occur was neglected. As a result, no (or limited) attention was given to emergency 
planning. The group-risk (the probability for a group of casualties in an event) due to flooding 
far exceeded the criteria for other risks, such as those of the chemical industry (ten Brinke et 
al. 2008a; RIVM 2004). Therefore, the need for improved preparation was addressed by the 
Dutch Government (BZK and VenW 2005). The concept of the chain of safety was introduced in 
emergency management. This chain distinguished five elements as pro-action, prevention, 
preparation, response and aftercare. This instrument was concluded to be a useful instrument 
for flood risk management (ten Brinke et al. 2008b). However, this instrument is considered to 
be a parallel system and not a serial system. The terminology of the safety chain suggests that 
the system is as strong as the weakest link; however, research show that this is not the case. 
The safety chain is at least as strong as the strongest link because it is a parallel system 
(Jongejan et al. 2012).  
 
Motivated by the flooding of New Orleans caused by Hurricane Katrina, the Dutch Cabinet 
decided to enhance flood preparedness. A two-year national task force for flooding 
management was introduced (Remkes 2006). Criteria that relate the level of preparedness of 
emergency management or evacuation in specific as a layer of flood risk management to the 
acceptable risk are, however, not defined. The criteria only focus on the need to have a plan, 
inform other authorities and to have some exercises associated with the plan. In the period of 
2006-2008, several emergency plans have been developed or updated. Research has been 
conducted on the use of emergency equipment and the capacity of road networks and traffic 
management for evacuation.  
 
The reduction of the consequences by emergency management is also taken into account in 
risk assessments. In studies of the flood risk in the Netherlands, the risk is defined based on 
the knowledge of the probabilities of flooding, damages and fatalities and emergency 
management (expressed as the number that is expected to be able to evacuate). Examples are 
‘Flood Risks and Safety in the Netherlands’ (VenW 2005), Water Safety 21st century (as 
described in (De Bruijn et al. 2010) and most recently, the concept of Multiple Layer Safety 
(VenW 2009b). These studies are used to define the optimal probability for flooding based on 
cost and benefits which are used to optimise investment strategies for levees. However these 
studies implicit assume requirements for evacuation which are not taken into account for 
emergency planning (yet). 
The 2008 Delta Commission assumed that the preparation for emergency management was ‘up 
to the required standards’ (in Dutch ‘Op Orde’) (Deltacommissie 2008). Again, the definition of 
these required standards were not defined so this statement cannot be validated. Additionally, 
the Delta Commissioner responsible for flood protection and a proposal for the new safety 
levels (based on multiple layer safety) also assume that emergency management is up to the 
required standards (VenW et al. 2010).  
Because the consequences of emergency planning are not known or taken into account 
planning documents are mainly developed to have them and to conduct exercises based these 
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planning documents. It can be questioned of all preparation efforts are optimal or contribute 
to risk reduction. Using the Dutch National Response Plan for Flooding (dated on 2007) as an 
example, these planning documents are sometimes described as only symbolic gestures that 
decision makers can use to show that they are prepared (Helsloot 2007). 
 
Other policy documents developed in the last decade have given more and more attention to 
the consequences of a flood and the acceptable level of risk. Examples are the EU Flood 
Directive that explicitly focuses on the probability, consequences and measures taken to 
reduce the risk and increase awareness (European-Parliament 2007).  
 
 
Concept of multiple layer safety 
 
In 2009, the Netherlands adopted a multiple 
layer safety approach for flood risk 
management in the national water plan 
(VenW 2009b) as an alternative for the chain 
of safety concept. In the US (Lopez 2006) and 
Canada (FBC 2008), similar approaches are 
used and referred to as ‘multiple lines of 
defence’. The multiple layer safety approach 
will be discussed in section 9”. The concept of 
multiple layer safety distinguishes the 
probability of flooding as well as the 
consequences. Therefore, the risk, defined as 
the probability x consequences, is the central 
element. Such an approach is superior to 
policies that only focus on prevention and 
ignore the consequences. The Dutch approach 
distinguishes three layers: 
1. Prevention: probability of flooding; 
2. Land use planning: where and how to 
develop areas and buildings; 
3. Emergency management: early warning, 
citizens’ response and emergency planning. 
The multiple layer safety approach can be compared to the chain of safety approach. Both 
approaches take the probability and consequences into account and can therefore be used for 
flood risk management.  
 
 
Emergency preparation 
 
The capacities of emergency services in the Netherlands are based on an emergency event 
expected to occur approximately once every five to ten years (AGS 2008). Waterboards and 
Safetyregions are, by Dutch law, responsible for developing emergency planning for identified 
risks. In the case of a threat of flooding, the expected threatened area is (far) greater than the 
administrative borders of Safetyregion or the Waterboard. Also many national departments, 
provinces and (semi)governmental organisation are affected.  
 
Figure 52: Concept of multiple layer safety in the 
Netherlands (IenM 2011) 
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The administrative borders of these Safetyregions (Safetyregions are a partnership between 
several municipalities, police, fire brigade and medical services) and Waterboards, as shown in 
Figure 53, are not equal. The frequency of a flood and mass evacuation is far less than a five 
to ten year emergency event. Therefore, the number of personnel and the capacity of 
resources are, by definition, insufficient, and priorities have to be set.  
 
  
Figure 53: Waterboards (left) and Safetyregions (right) 
In most countries, the tasks of the government are spread over a wide spectrum of 
organisations. Responsibilities are spread over other national departments and local 
organisations as provinces, municipalities, rescue services, hospitals, power suppliers, 
companies, etc. Responsibilities of the authorities are spread over several (semi) 
governmental organisations. These are connected to each other through the defined tasks and 
responsibilities. Crisis management structures also aim to coordinate between these 
organisations. The crisis management structure in the Netherlands is also based on the 
historical development of the Netherlands. The crisis management structure in the Netherlands 
is based on negotiations and not a hierarchy, although some mechanisms are in place to allow 
some decision makers to overrule others. Although these teams have a chairman these try to 
find consensus. 
 
Figure 54 shows the involved governmental organisations as water partners (Waterboards, 
Rijkswaterstaat, ministry of infrastructure and environment) and safety partners (Safetyregion, 
ministry of interior), as described in the national emergency plan for extreme water levels and 
flooding (VenW and UVW 2010; BZK 2007). These all have a responsibility in flood risk planning: 
 
1. Water partners: 
 Regional Plan “Flood defences” of Waterboards and regions of Rijkswaterstaat. These 
planning documents aims to monitor the status of the flood defences, take 
emergency measures to reduce the probability of flooding if needed and to inform 
the Safetyregions; 
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 National planning documents as “National plan for extreme water levels and 
flooding” of the Ministry of Public Works, Transport and Water management and the 
Waterboards (VenW and UVW 2010). This plan is developed to inform national 
organisations and national decision makers about the probability of flooding and the 
threatened area. This plan contains the National Commission of Flooding (called LCO), 
which was formalised in 2010. This commission consists of experts and develops a 
national threat assessment using information from the Waterboards. 
 
2. Safety partners: 
 Regional planning or coordination documents for the “Flood preparedness emergency 
plan” of the Safetyregions. This plan is activated in the case of a threat of flooding 
and used for communication with the public, decisions for evacuation, etc.;  
 National “Crisis plan flooding” of the Ministry of Interior covering the regional 
planning of the Safetyregions. This plan consists of three parts (BZK 2007):  
 A policy plan used by National Crisis Centre and for national decision making; 
 An operational plan used by the national operation centre; 
 A communication plan used by the communication team. 
 
 
Figure 54: Network of local, regional and national organisations in flood preparedness within the responsibility 
of ministries of the interior and infrastructure and environment (in Dutch) (VenW and UVW 2010)  
During the period of 2006-2008, supported by the flooding taskforce management, increased 
attention was given to flood preparedness. Emergency plans for flood prevention and large-
scale evacuation were, as a result, prepared by the national (LOCC 2008; Wegh 2008; VenW and 
UVW 2010; BZK 2007) and regional authorities (Zeeland 2009a; Haaglanden 2008; Middenwest-
Brabant 2008; TMO 2009a; Zeeland 2009b). Drafts and first-generation plans were tested in the 
2008 nationwide exercise “Waterproef”. The results of this exercise are further discussed in 
section 5 with regard to the process of decision making and in section 5 as a reflection of the 
expected loss of life of associated with evacuation decisions and the need for this type of 
exercises. 
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
300 B. KOLEN  
Based on the results of the two-year programme and regional and national improvements, the 
Dutch cabinet stated in 2009 that progress had been made, but that further research and 
development on evacuation planning were necessary (BZK and VenW 2009). 
 
 
Early warning 
 
Early warning is described as the process of warning crisis managers and decision makers 
after certain defined criteria have been met, corresponding to thresholds in forecast models 
and expert judgement. Before crisis managers act, they must make sense of the possible 
threat. Sense making is defined as understanding the threat and being willing to think about 
the possible responses (Boin et al. 2005). Early warnings are used to initiate decisions about 
preventive measures. Forecasts result in an expected water level, with a margin of uncertainty 
(van Noortwijk and Barendregt 2004; Jonkman 2007) or even expected probability of flooding. 
When these (forecasted) water levels exceed predefined values, warnings and alarms will be 
issued after interpretation by experts or using automatic systems. In the end crisis 
management structures can be put into place. Two approaches to initiate these crisis 
management structures in the case of a threat for flooding can be distinguished: 
 
1. Bottom up approach using a defined set of criteria related to different measured or 
expected water levels. When the water levels rise, the Waterboards will be warned by 
monitor centres and can take measures to monitor flood defenses and protect property 
in the flood plains. After a further increase of water levels Waterboards inform the 
Safetyregions in the case of a serious risk of flooding, which may lead to measures such 
as evacuation. If necessary, local and regional organisations inform the national 
organisations; 
2. Top down approach after evaluating (ensemble) forecasts with a lead time of about 10 
to 15 days and other signals for possible extreme water levels that might cause flood 
risk in the nearby future. After detection of possible extreme water levels, the national 
crisis organisations and the Waterboards will be warned of the impending danger. 
National crisis centres will initiate crisis management structures by a top down 
approach. 
 
The bottom up approach is appropriate for situations with extreme water levels but with no or 
a slow developing risk of flooding. The approach has been developed over decades of 
experience. The bottom up approach might be less effective in cases of possible flooding 
because the early warning system mainly focuses on the duty of the Waterboards to monitor 
and reinforce flood defenses with emergency measures. Time is sufficient for precautionary 
measures to be taken by the Waterboard and for dike inspection teams to be formed.  
For river areas, a few days are available for preparation after the first warning using the 
bottom up approach. For coastal areas, limited time might be available according to forecasts 
to succeed in evacuation (van Noortwijk and Barendregt 2004; Barendregt et al. 2005). The 
bottom up approach might be less efficient because time is lost for crisis management due to 
the time spent forming agreements between organisations, shortages and conflicting priorities.  
A top down approach might increase the time available for precautionary measures and 
reduce the time needed to make agreements between organisations because less time is 
needed for sense making and decision making.  
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Evacuation 
 
Preparation for emergency management or evacuation in the Netherlands is not related to 
criteria associated with results in terms of an acceptable risk or the number of people that can 
evacuate (such as the evacuation fraction). In planning and exercises, the effectiveness of 
evacuation is not based explicitly on the terms of prevented loss of life or damage. Despite 
this lack of understanding, it is often stated by policy makers and crisis managers that the 
level of preparation is (not) sufficient, or in Dutch, ‘op orde’. Policy makers and crisis 
managers can also make statements and develop frames such as “the consequences are not 
allowed or accepted” or “this is not allowed to happen”, or they may present different “what 
if scenarios” to call for further preparation or extra personnel or equipment. They can also 
make statements and developed frames indicating that emergency management is sufficient. 
Both statements are only symbolic at some level because of the lack of understanding of the 
effectiveness.  
 
Emergency planners in the Netherlands focus mainly on preventive evacuation as a strategy in 
the case of flooding (illustrated by the scenario of the Waterproef exercise which is presented 
in section (TMO 2009b)). 
 
For the Netherlands, research shows that even in a perfect situation, a complete preventive 
evacuation is not always possible in many areas (BZK and VenW 2008b; Maaskant et al. 2009; 
Barendregt et al. 2005). Decision makers are aware of this limitation, and the limited 
possibility for preventive evacuation was discussed in parliament in 2008 (BZK and VenW 
2008b). In general, it can be said that for coastal areas, a preventive evacuation cannot be 
completed in time in most cases, whereas for river areas, the available time is sufficient in 
most cases. This is mainly based on the combination of the expected lead time, the number of 
people in an area and the capacity of the infrastructure. However, for both types of areas, this 
general statement may not be valid in some cases. In very optimistic situations, a preventive 
evacuation might be possible for some (small) coastal areas, whereas for river areas, a 
preventive evacuation might not be possible due to limited lead time because of seepage. In 
addition to this situation, some people are not willing to evacuate according to their own 
choice. 
 
Emergency managers focus on the exchange of information within and between emergency 
teams and the better use of forecasting (and inherent uncertainty, although this is not 
accepted in many cases), and they take additional care to fulfil the tasks of the organisation 
itself. The response of emergency managers to the knowledge that a preventive evacuation is 
not always possible is often to give extra attention to the existing planning or to create new 
documents as can be seen in the coordination plan of dikering 14 which is developed by 
safety regions, water boards and the provinces. The plan states that with additional 
coordination by a national plan, the limited capacity of the infrastructure and the limited lead 
time could be solved (South-Holland et al. 2010)). This coordination plan for dikering 14 is 
developed for coordination; however there is no authority response for the plan. It is assumed 
to result in earlier and better decision making so that more time will be available for 
evacuation. This thesis shows that such a plan does not contribute to effectiveness of 
evacuation. 
Although the need that people will have to remain the flood zone seems to be accepted, the 
tendency is to believe that better planning can solve the problem and a preventive evacuation 
can be conducted. The fact that a preventive evacuation cannot be successful in all cases and 
the development of alternative evacuation strategies seems difficult to accept.  
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Appendix D: Evacuation Fractions 
for the Netherlands 
 
 
The table below shows the expected percentage of people in an area that can evacuate 
preventively in a certain period of time. The table shows three scenarios: 
 Current situation: ,  or k l m  are equal to 3; 
 Medium improvement: ,  or k l m  are equal to 2; 
 Maximum improvement: ,  or k l m  are equal to 1 (best-case situation). 
In these tables, the period of high wind (the last day before the breaches occur) is taken into 
account.  
 
Meuse 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 65% 71% 76% 
2 85% 88% 90% 
3 88% 89% 90% 
4 88% 89% 90% 
    
    
Rijn 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 65% 71% 76% 
2 85% 88% 90% 
3 88% 89% 90% 
4 88% 89% 90% 
    
    
Friesland and GRONINGEN 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 0% 0% 0% 
2 41% 47% 54% 
3 66% 71% 76% 
4 75% 78% 80% 
    
    
North- and South-Holland 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 0% 0% 0% 
2 20% 23% 26% 
3 39% 45% 52% 
4 51% 60% 69% 
    
Certainty of uncertainty in evacuation for threat driven responses 2013 
Principles of adaptive evacuation management for flood risk planning in the Netherlands 
 
 
304 B. KOLEN  
    
 
Zeeuws Vlaanderen 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 0% 0% 0% 
2 61% 64% 68% 
3 78% 79% 80% 
4 80% 80% 80% 
    
    
Zealand and South-Holland Islands 
Days Current situation Medium improvement 
Maximum 
improvement 
0 0% 0% 0% 
1 0% 0% 0% 
2 52% 58% 64% 
3 74% 77% 79% 
4 79% 80% 80% 
    
    
FLEVOLAND and surrounding 
Days Current situation Medium improvement Maximum 
improvement 
0 0% 0% 0% 
1 53% 58% 64% 
2 74% 77% 79% 
3 79% 80% 80% 
4 79% 80% 80% 
    
    
Tidal area 
Days Current situation Medium improvement Maximum 
improvement 
0 0% 0% 0% 
1 22% 26% 29% 
2 43% 51% 58% 
3 58% 67% 78% 
4 60% 70% 81% 
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Appendix E: Results for different 
scenarios of citizens response 
 
Reference situation 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 7 9 9 7 7 8 8 7  8 8 8 7
50% evacuation 14 15 15 9 12 13 13 9  13 12 12 8
90% evacuation 33 32 32 14 20 20 19 13   21 19 19 12
100% evacuation 41 39 38 16 23 23 22 16  24 21 21 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 9 8 8 7 9 9 9 7  8 8 8 7
50% evacuation 15 13 13 9 16 14 14 10  13 12 12 8
90% evacuation 34 22 22 14 35 29 29 14  22 19 19 12
100% evacuation 52 32 31 18 45 38 38 18  24 21 21 16
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 36 28 28 12 22 17 16 10  21 16 15 9
50% evacuation >72 66 65 26 44 32 31 15  40 29 28 14
90% evacuation >72 >72 >72 >72 >72 >72 >72 37   71 51 49 22
100% evacuation >72 >72 >72 >72 >72 >72 >72 50  >72 56 55 25
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 12 10 10 7 11 10 9 8  10 9 8 7
50% evacuation 26 20 19 11 19 15 14 11  18 14 13 9
90% evacuation >72 53 52 24 49 34 33 17   30 22 21 13
100% evacuation >72 71 68 37 62 43 42 21  34 24 24 15
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 10 10 7 9 9 9 7  9 9 9 7
50% evacuation 21 21 21 10 15 15 15 9  15 15 15 8
90% evacuation 48 48 48 17 27 27 27 13   24 24 24 12
100% evacuation 61 61 61 20 34 34 34 16  27 27 27 15
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Departure curve 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 7 7 7 4 7 7 7 4 7 6 6 4
50% evacuation 14 13 13 6 12 11 11 6 11 10 10 5
90% evacuation 33 31 31 11 20 18 18 8 19 17 17 8
100% evacuation 41 38 38 14 23 21 21 9 21 20 20 9
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 7 7 4 7 7 7 5 7 6 6 4
50% evacuation 13 11 11 6 14 12 12 7 12 10 10 6
90% evacuation 33 21 21 11 34 28 28 12 20 17 17 8
100% evacuation 52 31 30 16 44 37 36 15 23 20 19 9
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 36 27 27 11 21 15 15 8 20 15 15 7
50% evacuation >72 66 64 25 43 31 30 14 40 28 28 12
90% evacuation >72 >72 >72 >72 >72 >72 >72 36 70 50 49 21
100% evacuation >72 >72 >72 >72 >72 >72 >72 49 >72 56 54 24
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 11 9 9 5 10 8 8 5 9 7 7 4
50% evacuation 25 18 18 8 18 13 13 8 17 12 12 7
90% evacuation >72 52 51 23 48 33 32 15 29 20 20 11
100% evacuation >72 71 67 36 61 41 40 19 33 24 23 12
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 8 8 5 8 8 8 4 7 7 7 4
50% evacuation 20 20 20 7 13 13 13 6 13 13 13 6
90% evacuation 47 47 47 15 26 26 26 10 22 22 22 9
100% evacuation 60 60 60 20 32 32 32 12 26 26 26 11
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Participation rate 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 9 10 10 6 8 9 9 7  9 8 8 7
50% evacuation 17 17 17 8 14 14 14 9  15 13 13 8
90% evacuation 41 38 38 12 24 22 22 12   25 22 21 12
100% evacuation 50 47 47 15 27 26 25 16  27 24 24 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 9 9 7 10 9 9 7  9 8 8 7
50% evacuation 18 14 14 8 19 15 15 9  16 13 13 9
90% evacuation 41 24 24 12 43 33 33 12   26 21 20 12
100% evacuation 66 30 29 15 55 43 42 16  29 24 24 16
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 45 32 33 7 27 18 17 7  26 17 16 7
50% evacuation >72 >72 >72 10 54 34 33 10  50 31 30 9
90% evacuation >72 >72 >72 23 >72 >72 >72 13   >72 54 52 12
100% evacuation >72 >72 >72 30 >72 >72 >72 17  >72 59 58 16
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 14 11 11 7 13 10 10 7  12 9 9 7
50% evacuation 31 21 21 8 23 15 15 9  22 14 14 9
90% evacuation >72 56 53 12 60 36 34 13   37 23 22 12
100% evacuation >72 68 65 15 >72 44 42 17  41 26 24 16
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 11 11 11 6 10 10 10 7  10 10 10 7
50% evacuation 26 26 26 8 18 18 18 9  17 17 17 8
90% evacuation 59 59 59 12 33 33 33 12   29 29 29 12
100% evacuation >72 >72 >72 15 41 41 41 16  32 32 32 15
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Number of people in a car (1 person per car)  
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 13 14 13 7 12 12 12 7 12 11 11 7
50% evacuation 28 27 27 11 22 21 21 10 23 20 20 10
90% evacuation 69 64 64 21 39 36 35 15 39 35 35 14
100% evacuation >72 >72 >72 26 44 40 40 18 44 39 39 16
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 15 13 13 7 14 12 12 8 13 11 11 7
50% evacuation 27 23 23 11 29 24 24 12 24 20 20 10
90% evacuation 68 42 42 21 70 58 58 22 41 34 34 14
100% evacuation >72 63 61 31 >72 >72 >72 27 45 38 38 17
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation >72 57 56 21 43 31 30 14 42 30 29 13
50% evacuation >72 >72 >72 49 >72 63 62 26 >72 58 57 24
90% evacuation >72 >72 >72 >72 >72 >72 >72 72 >72 >72 >72 41
100% evacuation >72 >72 >72 >72 >72 >72 >72 >72 >72 >72 >72 45
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 22 17 17 9 19 14 14 9 18 13 13 8
50% evacuation 52 37 37 16 35 25 25 14 34 24 24 12
90% evacuation >72 >72 >72 45 >72 67 66 29 60 41 40 19
100% evacuation >72 >72 >72 >72 >72 >72 >72 36 67 45 45 21
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 16 16 16 8 15 15 15 8 14 14 14 7
50% evacuation 42 42 42 14 27 27 27 11 27 27 27 10
90% evacuation >72 >72 >72 29 53 53 53 18 46 46 46 16
100% evacuation >72 >72 >72 36 67 67 67 22 51 51 51 18
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Number of people in a car (3 persons per car)  
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 6 8 8 7 6 8 8 7  7 7 7 7
50% evacuation 11 12 12 8 10 11 11 9  11 10 10 8
90% evacuation 25 25 25 12 16 16 16 13   17 16 15 12
100% evacuation 31 30 30 15 18 18 18 16  18 18 18 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 7 7 7 8 8 8 7  8 7 7 7
50% evacuation 12 11 11 9 13 12 12 9  11 10 10 8
90% evacuation 26 18 18 13 27 23 23 13   17 15 15 12
100% evacuation 40 25 24 15 35 30 29 16  20 18 18 16
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 27 22 21 10 17 14 13 9  16 13 12 8
50% evacuation 65 50 49 20 33 25 24 13  31 23 22 12
90% evacuation >72 >72 >72 >72 >72 68 66 30  53 39 38 18
100% evacuation >72 >72 >72 >72 >72 >72 >72 39  59 44 42 21
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 9 9 7 10 9 9 8  9 8 8 7
50% evacuation 20 16 15 10 16 13 13 10  15 12 11 8
90% evacuation 61 41 39 20 38 27 26 15   24 18 17 12
100% evacuation >72 54 51 29 47 33 32 18  27 21 20 15
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 9 9 9 7 8 8 8 7  8 8 8 7
50% evacuation 17 17 17 9 13 13 13 9  12 12 12 8
90% evacuation 37 37 37 14 21 21 21 12   19 19 19 12
100% evacuation 46 46 46 18 26 26 26 16  21 21 21 15
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Lower average travel speed 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 13 15 15 13 15 18 18 17 15 14 14 13
50% evacuation 20 21 21 16 20 22 22 22 20 19 19 16
90% evacuation 38 38 38 21 29 32 32 31 27 26 26 20
100% evacuation 47 46 46 24 33 37 37 37 32 29 29 24
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 16 15 15 14 18 18 18 17 16 15 15 15
50% evacuation 22 20 20 17 26 25 25 22 21 20 20 17
90% evacuation 40 30 29 23 42 39 38 29 29 27 27 26
100% evacuation 58 38 37 30 52 47 47 36 37 32 32 36
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 40 33 32 17 31 27 27 21 27 22 22 15
50% evacuation >72 71 70 31 53 42 42 29 46 35 35 20
90% evacuation >72 >72 >72 >72 >72 >72 >72 48 >72 57 56 30
100% evacuation >72 >72 >72 >72 >72 >72 >72 62 >72 64 63 37
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 17 16 16 12 21 21 21 19 16 15 15 13
50% evacuation 31 25 25 17 31 28 28 24 24 21 20 16
90% evacuation >72 60 58 30 57 44 44 36 36 29 29 25
100% evacuation >72 >72 >72 39 69 52 51 44 42 35 35 30
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 14 14 14 12 16 16 16 15 15 15 15 13
50% evacuation 27 27 27 15 23 23 23 19 21 21 21 16
90% evacuation 54 54 54 23 34 34 34 27 30 30 30 24
100% evacuation 68 68 68 29 41 41 41 33 34 34 34 29
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Higher average travel speed 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 7 9 9 7 6 8 8 6  8 7 7 6
50% evacuation 14 15 15 9 11 12 12 8  13 12 12 8
90% evacuation 33 32 32 14 19 19 19 12   20 19 19 12
100% evacuation 41 39 38 16 21 21 21 15  23 21 21 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 9 8 8 6 9 8 8 7  8 7 7 6
50% evacuation 15 13 13 8 15 13 13 9  13 12 11 8
90% evacuation 34 22 21 14 34 29 28 13   21 18 18 12
100% evacuation 53 32 31 17 44 37 37 17  24 21 21 15
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 36 28 27 12 21 16 16 9  21 15 15 8
50% evacuation >72 66 64 25 43 31 30 15  40 29 28 13
90% evacuation >72 >72 >72 >72 >72 >72 >72 37   70 50 49 22
100% evacuation >72 >72 >72 >72 >72 >72 >72 49  >72 56 54 24
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 12 10 10 7 11 9 9 7  10 8 8 6
50% evacuation 25 19 19 11 19 14 14 10  18 13 13 9
90% evacuation >72 53 51 24 48 33 33 16   30 21 21 12
100% evacuation >72 71 68 37 61 42 41 20  33 24 24 15
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 10 10 7 9 9 9 6  9 9 9 6
50% evacuation 21 21 21 10 14 14 14 8  14 14 14 8
90% evacuation 48 48 48 17 26 26 26 12   24 24 24 12
100% evacuation 61 61 61 20 33 33 33 15  27 27 27 15
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Actual road capacity, breakdown of a highway 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation Not defined Not defined Not defined
50% evacuation Not defined Not defined Not defined
90% evacuation Not defined Not defined Not defined
100% evacuation Not defined Not defined Not defined
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 13 12 12 7 13 12 12 8 13 12 11 7
50% evacuation 25 21 21 11 24 20 20 11 23 20 20 10
90% evacuation 53 54 54 18 45 38 38 16 40 34 33 15
100% evacuation 65 64 64 23 56 47 46 20 44 38 38 18
 
North- and South-HOLLAND 
 Nearest exit  Reference Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 42 33 33 14 24 18 18 10 24 17 17 9
50% evacuation >72 >72 >72 30 47 34 34 16 45 33 32 15
90% evacuation >72 >72 >72 >72 >72 >72 >72 39 >72 57 56 25
100% evacuation >72 >72 >72 >72 >72 >72 >72 52 >72 63 62 27
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 14 11 11 8 12 10 10 8 11 9 9 7
50% evacuation 30 23 23 12 21 16 16 11 20 15 14 9
90% evacuation >72 >72 >72 36 52 36 35 18 33 24 23 14
100% evacuation >72 >72 >72 58 65 45 44 21 38 27 27 16
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation Not defined Not defined Not defined
50% evacuation Not defined Not defined Not defined
90% evacuation Not defined Not defined Not defined
100% evacuation Not defined Not defined Not defined
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Actual road capacity, breakdown of a local route 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 9 10 10 7 8 9 9 7  9 9 8 7
50% evacuation 17 17 17 10 14 14 14 9  15 14 14 8
90% evacuation 60 56 55 20 23 23 22 13  24 22 22 12
100% evacuation 71 65 65 24 27 26 26 16  27 24 24 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 9 9 7 10 9 9 7  9 8 8 7
50% evacuation 17 15 15 10 18 16 15 10  15 13 13 9
90% evacuation 71 45 44 22 45 38 38 16  24 21 21 12
100% evacuation >72 61 60 28 56 47 46 20  27 24 24 16
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 34 26 26 12 23 17 17 10  22 16 16 9
50% evacuation >72 64 63 24 46 33 33 16  42 30 30 14
90% evacuation >72 >72 >72 >72 >72 >72 >72 39  >72 53 52 23
100% evacuation >72 >72 >72 >72 >72 >72 >72 52  >72 59 57 26
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 13 11 10 7 12 10 10 8  11 9 9 7
50% evacuation 27 20 20 11 20 15 15 11  19 14 14 9
90% evacuation 68 48 47 21 52 36 35 18  31 22 22 13
100% evacuation >72 63 61 31 65 45 44 21  35 26 24 15
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 11 11 11 8 11 11 11 7  10 10 10 7
50% evacuation 31 31 31 12 19 19 19 9  18 18 18 9
90% evacuation >72 >72 >72 26 31 31 31 14  31 31 31 13
100% evacuation >72 >72 >72 32 39 39 39 17  35 35 35 15
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Decrease flow out rate at exit point 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 14 13 13 7 13 12 12 7 12 11 11 7
50% evacuation 28 26 26 11 22 20 20 10 21 20 19 10
90% evacuation 66 61 60 21 38 34 34 15 37 33 33 14
100% evacuation >72 >72 >72 26 42 38 38 18 41 37 36 16
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 14 12 12 7 13 12 12 8 13 11 11 7
50% evacuation 26 22 22 11 27 23 23 12 23 19 19 10
90% evacuation 65 41 39 20 66 55 54 22 39 32 32 14
100% evacuation >72 60 58 30 >72 71 70 27 43 36 36 17
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 70 54 53 21 41 29 29 14 40 28 28 13
50% evacuation >72 >72 >72 49 >72 60 59 26 >72 55 54 23
90% evacuation >72 >72 >72 >72 >72 >72 >72 71 >72 >72 >72 40
100% evacuation >72 >72 >72 >72 >72 >72 >72 >72 >72 >72 >72 44
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 21 16 16 9 18 14 13 9 17 13 12 8
50% evacuation 49 36 35 16 34 24 23 13 33 23 22 12
90% evacuation >72 >72 >72 44 >72 64 63 29 57 39 38 19
100% evacuation >72 >72 >72 70 >72 >72 >72 35 63 44 42 21
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 15 15 15 8 14 14 14 8 14 14 14 7
50% evacuation 40 40 40 14 26 26 26 11 25 25 25 11
90% evacuation >72 >72 >72 29 50 50 50 18 44 44 44 16
100% evacuation >72 >72 >72 37 63 63 63 22 48 48 48 18
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Increase flow out rate at exit point 
 
ZEEUWS VLAANDEREN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 8 8 6 8 8 8 7  7 7 7 7
50% evacuation 12 12 12 8 11 10 10 9  10 10 10 8
90% evacuation 24 23 23 12 16 15 15 13   16 14 14 12
100% evacuation 29 27 27 15 18 18 18 16  18 17 17 15
 
Zealand and South-Holland Islands 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 7 7 7 8 8 8 7  7 7 7 7
50% evacuation 12 10 10 9 13 12 12 9  11 10 10 8
90% evacuation 24 17 17 12 25 21 21 13   16 14 14 12
100% evacuation 37 23 22 15 32 27 27 16  18 17 17 16
 
North- and South-HOLLAND 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 25 19 19 10 16 13 12 9  15 12 11 7
50% evacuation 59 45 44 18 30 23 22 12  28 21 20 11
90% evacuation >72 >72 >72 64 >72 61 60 27   48 35 34 17
100% evacuation >72 >72 >72 >72 >72 >72 >72 35  53 39 38 18
 
FRYSLAN and GRONINGEN 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 10 9 9 7 9 9 8 7  8 7 7 7
50% evacuation 18 14 14 10 15 12 12 10  14 11 11 8
90% evacuation 55 36 36 18 34 24 24 14   22 16 16 12
100% evacuation >72 48 47 26 43 30 30 17  24 18 18 15
 
FLEVOLAND and surrounding 
 Nearest exit  Reference  Advanced traffic 
management 
Evacuation Strategy: 1 2 3 4  1 2 3 4  1 2 3 4 
25% evacuation 8 8 8 7 8 8 8 7  8 8 8 7
50% evacuation 15 15 15 9 12 12 12 9  11 11 11 8
90% evacuation 33 33 33 13 20 20 20 12   17 17 17 12
100% evacuation 41 41 41 17 24 24 24 16  21 21 21 15
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for fl ood risk planning in the Netherlands
 Summary
Evacuation is a measure taken to potentially reduce the loss of life and damage to 
movable goods. Evacuation is part of a portfolio of measures in a multilateral safety 
system that can contribute to an acceptable level of risk. Evacuation has benefi ts but 
can be costly. Therefore, the decision to call for an evacuation due to the threat of 
fl ooding results in a crisis, by defi nition, but can prevent a worse crisis in the case of 
an actual fl ood. This thesis focuses on effectiveness of different types of evacuation and 
how to address uncertainties.
This thesis focuses on the Netherlands as a representative urbanized delta and 
investment strategies in evacuation as a part of fl ood risk management. Evacuation in 
case of the threat of fl ooding requires an uncomplicated approach. This is because of 
the complexity of preparation for low-frequency, large-scale disasters such as fl ooding 
and because of the limited risk perception by the public, decision makers and crisis 
managers and the number of them which are involved. It is  shown that vertical 
evacuation or shelter in place is a better basic strategy for coping with a fl ood than 
preventive evacuation when the available time is limited.
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Inhoud van deze bijsluiter: 
I. Wat is evacueren en welke vormen 
van evacueren zijn er? 
II. Waarvoor wordt evacueren 
gebruikt? 
III. Hoe wordt evacuatie gebruikt 
(dosering, wanneer en welke 
vorm)? 
IV. Hoe is evacuatie te gebruiken als er 
ook wat anders aan de hand is? 
V. Wat zijn mogelijke bijwerkingen 
van evacueren? 
VI. Hoe kan de voorbereiding op 
evacuatie worden onderhouden? 
VII. Aanvullende informatie. 
I Wat is evacueren en welke vormen van 
evacueren zijn er? 
Bij evacueren gaat het om het verplaatsen 
naar, gegeven de omstandigheden, de 
veiligste plek. Dat betekent niet dat alle 
mensen, dieren en goederen in absolute 
veiligheid gebracht kunnen worden omdat 
hier (soms) te weinig tijd voor is. Evacueren: 
• is een maatregel die de gevolgen bij een 
ramp als een overstroming, kan 
verkleinen; 
• kan voordat de overstroming optreedt 
worden ingesteld op basis van 
verwachtingen; 
• kan ook plaatsvinden nadat de ramp (de 
overstroming) is opgetreden.  
 
Positieve gevolgen van evacuatie als een 
overstroming optreedt zijn: 
• Verminderen van dodelijke slachtoffers 
doordat minder mensen worden 
blootgesteld aan een overstroming of 
worden blootgesteld als ze minder 
kwetsbaar zijn; 
• Verminderen van schade aan 
verplaatsbare goederen mits deze tijdig 
worden verplaatst. 
 
Negatieve gevolgen van een evacuatie, ook 
zonder dat de overstroming optreedt, zijn: 
• Dodelijke slachtoffers door de evacuatie. 
Dit kan zijn door: 
o Mensen die tijdens de evacuatie 
worden blootgesteld aan de gevolgen 
van de ramp; 
o Ongelukken tijdens de evacuatie (als 
verkeersdoden); 
o Dat tijdens de evacuatie niet in 
behoeftes kan worden voorzien 
(bijvoorbeeld bij hulpbehoevenden als 
in de zorg die afhankelijk zijn van 
instrumenten, medicatie of mensen). 
• Economische en sociale schade, 
veroorzaakt omdat processen tot 
stilstand komen door de evacuatie; 
• Imagoschade waardoor het vertrouwen 
in organisaties en de overheid wordt 
aangetast.  
De negatieve gevolgen van evacuatie kunnen 
al dermate groot zijn dat evacuatie op 
zichzelf al een (nationale) crisis is (en dus 
ook als zodanig moet worden behandeld). 
 
Er zijn verschillende type evacueren:  
• Voordat de ramp optreedt (threat driven 
response): preventieve evacuatie, 
verticale evacuatie en schuilen  
• Als de ramp is opgetreden (event driven 
response): acute evacuatie, redden en 
vluchten. 
De effectiviteit van deze type van evacueren 
is verschillend en sterk afhankelijk van de 
omstandigheden. Een evacuatiestrategie 
bestaat uit een combinatie van één of 
meerdere typen evacueren.  
II Waarvoor wordt evacueren gebruikt? 
Tegen welke kwaal wordt evacuatie ingezet? 
Evacueren kan worden ingezet om de 
gevolgen,  schade en slachtoffers, na een 
ramp als een overstroming te verlagen. 
Evacuatie kan ook worden ingezet bij een 
dreiging van een ramp om de potentiële 
gevolgen te verlagen. 
 
Als onderdeel van risicobeheersing 
Evacueren kan bijdragen aan het behalen van 
een basisveiligheid in een gebied uitgedrukt 
in de kans dat men op een bepaalde plek 
komt te overlijden per jaar. De prestaties op 
gebied van evacueren kunnen hierbij als 
maatstaf dienen voor het presteren van de 
rampenbeheersing. 
 
Het risico kan ook worden gereduceerd door 
andere maatregelen dan rampenbeheersing 
zoals dijkversterking en door de omgeving 
ruimtelijk anders in te richten. Als deze 
maatregelen als verschillende lagen worden 
beschouwd kan dat gedefinieerd worden als 
meerlaagsveiligheid of ‘multiple lines of 
defense’.  
Bij de selectie van maatregelen gericht op het 
bereiken van een bepaald risico is de vraag 
wat de effectiviteit is van de maatregelen en 
welke het meest doelmatig zijn. Een kosten 
baten analyse kan hier inzicht in geven 
(hiervoor is een meerlaagsveiligheid model 
ontwikkeld in dit proefschrift waarin 
rampenbeheersing is meegenomen naast 
preventie en inrichting). Daarnaast zijn er 
nog andere factoren, als verantwoordelijkheid 
van bestuurders, die van invloed zijn op de 
selectie van maatregelen. 
 
Reduceren van gevolgen bij mogelijke ramp 
in geval van een situatie met verhoogde 
dreiging 
Na detectie en erkenning van een dreiging 
kunnen keuzes worden gemaakt om door 
middel van evacuatie de schade en 
slachtoffers bij een (mogelijke) ramp te 
verkleinen. Hierbij geldt: 
• Maatregelen, mits tijdig genomen zodat 
deze ook geïmplementeerd kunnen 
worden, kunnen de gevolgen verkleinen; 
• Maatregelen waarover te laat worden 
besloten kunnen mogelijk niet meer 
worden geëffectueerd omdat mensen die 
het moeten uitvoeren al een eigen plan 
hebben getrokken, middelen die nodig 
zijn al (elders) zijn ingezet of omdat de 
tijd om op de plek van uitvoering te 
komen sterk kan toenemen door 
filevorming; 
• Maatregelen hebben ook een faalkans, 
zeker als deze nog nooit in het echt zijn 
getest; 
• Operationele diensten als verkeercentra 
en hulpdiensten, evenals burgers, zullen 
ook zelfstandig zonder inmenging van de 
crisisorganisatie van de overheid 
maatregelen nemen op basis van 
beschikbare informatie; 
• Het dreigingsscenario kan anders zijn. 
 
Rol van onzekerheid en effectiviteit van 
evacueren 
Om de effectiviteit te bepalen van evacueren 
kunnen scenario’s worden opgesteld. De 
effectiviteit kan worden beschreven aan de 
hand van de interactie van vier elementen: 
• Dreiging en impact 
• Maatregelen van de overheid 
• Gedrag van mensen  
• Omgeving en infrastructuur  
De veronderstellingen die aan de basis van 
een scenario en de effectiviteit van een 
strategie liggen zijn onzeker. De onzekerheid 
kan dermate grote zijn dat één scenario op 
zichzelf geen relevante informatie geeft voor 
risicoanalyse of besluitvorming. Inzicht in de 
effecten van meerdere scenario’s (op basis 
van onzekerheden) is nodig. Met behulp van 
het ontwikkelde model EvacuAid kan de 
onzekerheid worden meegenomen in de 
analyse over effectiviteit van 
strategievorming voor evacuatie. 
III Hoe wordt evacuatie gebruikt 
(dosering, wanneer en welke vorm)? 
Dosering van evacuatie: resultaat-eisen als 
prestatie-eis bij inrichting van een systeem 
In een risicobenadering draagt iedere 
maatregel bij aan het risico. Als evacuatie 
hier een onderdeel van uitmaakt is het 
wenselijk deze eisen ook expliciet te maken 
in resultaat-eisen. Resultaat-eisen gaan in op 
het te behalen effect in termen van het aantal 
mensen dat tijdig de beoogde bestemming 
moet kunnen bereiken en is hiermee input 
voor de bepaling van het slachtofferrisico. 
Een voorbeeld wat kan dienen als basis voor 
een resultaat-eis is de evacuatiefractie: deze 
is een statische waarde die beschrijft hoeveel 
mensen gemiddeld een gebieden kunnen 
verlaten. Op basis van de fractie kunnen 
resultaat-eisen voor verschillende partijen 
worden opgesteld die bijdragen aan het 
bereiken ervan.  
 
De evacuatiefractie is opgesteld op basis van: 
• De effectiviteit van evacuatie als functie 
van de tijd 
• De beschikbare tijd voor evacuatie op 
basis van verwachtingen en beslissingen 
als functie van de tijd.  
Hierbij is het verstandig om rekening te 
houden met onzekerheden.  
 
Proceseisen, zoals nu vaak gesteld, als het 
‘hebben van een plan’ en het ‘doen van 
oefening’ bieden geen garantie voor een 
bepaald resultaat. Ook kan het leiden tot het 
afleiden van de focus op effectieve 
maatregelen en gebruik van eenzijdige (best 
case) scenario’s. 
 
Dosering van evacuatie bij een dreiging 
De overheid kan een systeem beïnvloeden 
waardoor de effectiviteit van evacuatie wordt 
vergroot. Dit gaat gepaard met directe en 
indirecte maatregelen waarbij niet iedereen 
onder controle is van de overheid. Hierbij 
geldt: 
• Een verplichting tot evacuatie heeft 
voornamelijk een symboolfunctie, deze 
kan worden ingezet om de publieke 
perceptie te beïnvloeden en de 
effectiviteit van evacueren te vergroten; 
• Een verplichte evacuatie kan worden 
gehandhaafd mits voldoende 
handhavers aanwezig zijn. Bij een 
grootschalige evacuatie is dat 
waarschijnlijk niet het geval; 
• Maatregelen die de fysieke omgeving 
beïnvloeden, het optreden van 
operationele diensten beïnvloeden of 
informatie verschaffen aan de burgers, 
kunnen de effectiviteit vergroten mist 
tijdig genomen; 
• Het beïnvloeden van de 
evacuatiebereidheid en de snelheid van 
vertrek van mensen kan de effectiviteit 
ook negatief beïnvloeden als de 
infrastructuur wordt overbelast; 
• De berichtgeving vanuit de overheid kan 
worden opgebouwd door de trits 
informeren, adviseren en verplichten; 
• De evacuatiebereidheid en de periode 
tussen waarschuwing en werkelijke start 
van evacuatie kan worden beïnvloedt 
door inzet van visuele maatregelen als 
het patrouilleren door hulpverleners, 
evacueren van gezinnen van 
hulpverleners, sluiten van 
overheidsgebouwen en scholen en 
evacuatiemaatregelen bij instellingen. 
De beelden kunnen echter ook leiden tot 
een spontane evacuatie van anderen. 
• Het uitstellen van een keuze is ook een 
keuze omdat anderen wel maatregelen 
implementeren hierna kaderstellend zijn.  
De gewenste dosering van evacuatie hangt 
dan ook sterk af van de actuele 
omstandigheden. Zo kan een dosering die 
leidt tot een te sterke reactie van mensen 
Lees deze bijsluiter 
zorgvuldig voordat u aan de 
gang gaat met evacuatie. 
 
Evacuatie is een middel met 
gevolgen, waarbij het nog 
onzeker is of de kwaal (de ramp, 
in het geval de overstroming) 
zal optreden. Als de kwaal 
optreedt kan een evacuatie de 
gevolgen kleiner maken, maar 
een verkeerde inzet van 
evacuatie kan de gevolgen ook 
groter maken bijvoorbeeld 
omdat meer mensen worden 
blootgesteld aan de ramp. Als de 
kwaal niet blijkt op te treden 
kan evacuatie ook grote schade 
aanrichten.  
 
De effectiviteit, en 
wenselijkheid, van evacuatie is 
echter sterk afhankelijk van de 
actuele situatie. Zowel tijdens 
een crisis als planvorming speelt 
onzekerheid een grote rol.  
 
Deze bijsluiter ondersteunt 
bij risicobeheersing door 
middel van evacuatie. 
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juist leiden tot een minder effectieve 
evacuatie.  
 
Wanneer evacueren in te zetten? 
Evacuatie kan verdeeld worden in fasen: 
• Fase 0: Planning en ontwerp (geen 
dreiging); 
• Fase 1: Herkenning en erkenning; 
• Fase 2: Transitiefase; 
• Fase 3: Uitvoering 
 
Een beslissing om te evacueren wordt niet 
zomaar genomen vanwege de impact en 
benodigde informatie. De uiteindelijke go of 
no-go en de strategiekeuze (het 
beslisprobleem) wordt voorafgegaan door: 
• Een waarschuwing dat er een dreiging is 
(de start van fase 1); 
• Een overweging van alternatieven (fase 
2 van evacueren). 
Na het maken van de keuze zal de maatregel 
geëffectueerd worden in de transitiefase (fase 
2) voor effectieve uitvoering in fase 3: 
• Fysieke aanpassen van de omgeving (als 
sluiten van opritten); 
• De inzet van middelen en mensen moet 
worden geregeld, wat leidt tot extra 
transporten en verkeersbewegingen; 
• De gekozen strategie, inclusief het 
handelingsperspectief moet worden 
gecommuniceerd.  
 
Gegeven een verwachting over een dreiging 
kan de minimale overstromingskans worden 
bepaald waarbij het op basis van rationele 
gronden een evacuatie ‘rendabel’ is een 
gebied te evacueren. Hiervoor is nodig: 
• Het aantal voorkomen dodelijke 
slachtoffers (en schade) op basis van de 
gekozen evacuatiestrategie. 
• De economische schade door evacueren 
in combinatie met het aantal dodelijke 
slachtoffers door evacueren.  
• Een toeslagfactor voor risicoaversie 
Met behulp van evacuatiediagrammen kan 
worden afgelezen of een beslissing tot 
evacueren rendabel is. Hierbij kan de met de 
berekende minimale kans worden vergeleken 
met de inschatting van de waterkering-
beheerder van de overstromingskans.  
 
Ook voor andere maatregelen kan worden 
bepaald wat het optimale moment is voor het 
nemen van deze maatregelen zoals: 
• Het initiëren van de crisisorganisatie bij 
een hoogwaterverwachting. 
• Het klaarmaken van de evacuatieroutes 
en communiceren hierover. 
Beide maatregelen blijken vanwege de lage 
kosten en potentieel grote baten ‘no regret’ 
maatregelen. Al bij een zeer kleine kans op 
een overstroming is het economisch rendabel 
om deze maatregelen te nemen. Voor 
trainingen en oefeningen kunnen zo 
realistische bestuurlijke dilemma’s worden 
bepaald die werkelijk bijdragen aan het leren 
omgaan met risico’s.  
 
Wanneer evacuatie in te zetten bij extra 
kwetsbare mensen als niet zelfredzamen? 
Op basis van de behoeftes kunnen 
verschillende groepen mensen met speciale 
behoeftes worden opgesteld. Per groep kan 
de kwetsbaarheid worden bepaald. Het 
evacueren van mensen met speciale 
behoefte, niet zelfredzamen, heeft grotere 
consequenties dan het evacueren van 
mensen die deze behoeftes niet hebben: 
• Mensen met speciale behoeftes zijn 
extra kwetsbaar omdat minder goed in 
deze behoeftes kan worden voorzien; 
• Naarmate de evacuatie langer duurt 
(vanwege files) zal de kwetsbaarheid 
toenemen; 
• Het aantal mensen en middelen om 
ondersteuning te verlenen aan 
instellingen is beperkt, zeker als deze 
mensen of familie (inclusief 
hulpverleners) zelf ook bedreigd zijn.  
 
De (rationeel bepaalde) optimale kans op een 
overstroming om mensen met speciale 
behoeftes te evacueren ligt dan ook hoger 
dan de optimale kans voor het evacueren van 
mensen zonder deze behoeftes als het doel is 
het minimaliseren van slachtoffers. Juist 
vanwege de kwetsbaarheid is het minder 
aantrekkelijk om deze groep te verplaatsen 
maar juist om lokaal maatregelen te nemen 
die de zorg na een ramp langer kunnen 
continueren (deze maatregelen werken ook 
bij andere rampen als stroomuitval).  
 
Wat is een goede basisstrategie voor 
evacueren? 
Een basisstrategie voorziet in een aanpak die 
in alle mogelijke situaties een perspectief 
biedt om tijdig een (relatief) veilige plek te 
bereiken, deze voorkomt dat mensen tijdens 
evacuatie worden getroffen en dat ze 
afhankelijk zijn van een complexe 
crisisorganisatie van de overheid. Als er 
voldoende tijd en ruimte is kan een 
basisstrategie worden aangevuld met andere 
(gecoördineerde) maatregelen. 
 
Een basisstrategie die hierin voorziet is 
‘schuilen in combinatie met verticaal 
evacueren’. Evacuees zoeken hierbij een 
schuilplaats in de eigen woning of instelling 
en als deze niet veilig is in de nabije 
omgeving (tenzij ze ‘zeker’ zijn dat ze het 
bedreigd gebied kunnen verlaten). Hierdoor 
wordt het aantal mensen dat wordt 
blootgesteld aan de gevolgen van een 
overstroming tijdens evacuatie – als ze het 
meest kwetsbaar zijn- geminimaliseerd. Deze 
basisstrategie geldt voor zowel voor 
kustgebieden met een relatief korte 
voorspeltijd en grote onzekerheid als voor het 
rivierengebied als gevolg van mechanismen 
zoals piping.  
 
Niet iedereen zal zich conformeren aan de 
gekozen strategie van de overheid, een 
eerste schatting is ongeveer 20% van de 
bevolking. Daarom is het instellen van 
evacuatieroutes zodat evacuees een gebied 
kunnen verlaten ook al zinvol bij de 
basisstrategie. Hiermee is de kans kleiner dat 
de mensen die zich niet conformeren een 
barrière vormen voor anderen en voor 
hulpverleners.  
 
Hoe kan de evacuatiestrategie worden 
verbeterd als er meer bekend is over de 
dreiging? 
Een preventieve evacuatie leidt alleen tot 
minder slachtoffers dan de basisstrategie 
voor evacueren als voldoende tijd 
beschikbaar is voor evacueren. Deze 
‘voldoende tijd’ hangt af van de kenmerken 
van een gebied en van de genomen 
maatregelen. De effectieve keuze voor een 
evacuatiestrategie en bijbehorende 
maatregelen kan worden bepaald met 
EvacuAid. Bij voldoende tijd kunnen extra 
mensen en middelen worden ingezet om de 
maatregelen in een gebied te ondersteunen. 
Ook kunnen indien tijd en ruimte het toelaat 
een of meerdere gebieden preventief worden 
geëvacueerd.  
Vaak zijn meerdere polders tegelijk bedreigd. 
Combinaties van typen evacueren, als 
meerdere gebieden bedreigd zijn, kunnen 
worden opgesteld op basis van bouwstenen 
voor evacuatie (op te stellen met onder 
andere EvacuAid) met het ontwikkelde model 
“strategy builder”.  
IV Hoe is evacuatie te gebruiken als er 
ook wat anders aan de hand is? 
De acceptabele impact van evacuatie is 
afhankelijk van andere omstandigheden in de 
maatschappij blijkt uit een enquête onder 
potentiële beslissers voor evacuatie. Dit kan 
leiden tot een ander moment van starten van 
de evacuatie als een andere strategie. In het 
algemeen leiden andere omstandigheden tot 
keuzes met minder grote gevolgen. 
Aanbevolen wordt om in het beslisproces: 
• Als eerste stap op basis van de rationele 
benadering de optimale strategie te 
bepalen; 
• Als tweede stap de consequenties van 
andere omstandigheden in de 
maatschappij en de impact op de 
besluitvorming te bepalen inclusief de 
voor- en nadelen van evacueren.  
V Wat zijn mogelijke bijwerkingen van 
evacueren? 
Evacueren heeft sterke bijwerkingen, deze 
bijwerkingen zijn afhankelijk van de situatie, 
maar zijn over het algemeen een gegeven. 
Deze bijwerkingen kunnen acceptabel zijn 
omdat nog nadeligere effecten kunnen 
worden voorkomen als de ramp 
(overstroming) optreedt. Bijwerkingen zijn: 
• Tot stilstand komen van economische 
processen in een gebied; 
• Tot stilstand komen van 
maatschappelijke en sociale processen 
in een gebied; 
• Imagoschade van de overheid en 
uitvoerende diensten; 
• Slachtoffers door evacuatie, met name 
bij evacuatie van niet zelfredzamen en 
dat specifiek voor mensen die 
afhankelijk zijn van continue zorg door 
mensen en machines.  
 
De evacuatiebereidheid kan nadelig worden 
beïnvloed door eerdere evacuaties, zeker als 
de overstroming niet optrad. Hierbij geldt: 
• Naarmate de frequentie van evacueren 
hoger is zal het effect op de 
evacuatiebereidheid groter zijn; 
• Duidelijke berichtgeving vanuit de 
overheid, en duidelijk beelden van de 
dreiging verhogen de bereidheid van de 
bevolking om te evacueren; 
• Als een evacuatie eenmaal of minder 
dan eens in een mensenleven verwacht 
wordt, zoals in Nederland, zal het effect 
op de evacuatiebereidheid gering zijn.  
VI Hoe kan de voorbereiding op 
evacuatie worden onderhouden? 
Het behouden van het beoogde resultaat van 
evacueren (als de evacuatiefractie) vergt 
door: 
• Frequente updates van basisdata: 
aantallen mensen, wegcapaciteit en 
middelen; 
• Middel van training en oefening. Van 
belang is dat deze evenwichtig zijn en 
het hele palet aan mogelijkheden 
belichten en zich niet alleen richten op 
enkele (best case) scenario’s; 
• Inpassing van nieuwe kennis op basis 
van praktijk- en oefenervaring en 
onderzoek. Gerichte evaluaties en 
onderzoek zijn cruciaal vanwege de 
beperkte ervaring en lage frequentie van 
overstromingen en evacuaties; 
• Beheren en onderhouden van 
voorspelmodellen. 
 
Een test of de voorbereiding nog voldoet aan 
de eisen kan worden uitgevoerd door een 
herijking van de evacuatiefractie. Deze 
herijking kan plaatsvinden aan de hand van 
de onderliggende elementen (beschikbare tijd 
en uitvoering). Ook de evaluatie van een 
echte evacuatie kan met deze systematiek 
worden uitgevoerd.  
Dit vereist kennis van zowel de fysica (water 
en verkeer), de crisisbeheersing, gedrag en 
bestuurskunde. Dit vereist de combinatie van 
bewezen kennis en van expert judgment. 
Uniformiteit, en het opleiden van experts 
inclusief kennisontwikkeling en inpassing, kan 
worden bereikt door inzetten van een expert 
team voor regie en review voor planvorming 
en toetsing. Dit expert team kan ook als 
adviseur optreden voor top strategische 
beslissers.  
VII Aanvullende informatie 
Deze bijsluiter voor evacuatieplannen is 
opgesteld ter ondersteuning van de 
voorbereiding op evacuatie. Deze bijsluiter 
zet onzekerheden centraal, een goede kennis 
van onzekerheden en risico’s en de betekenis 
hiervan zal de besluitvorming verbeteren 
gericht op het verkleinen van het risico.  
 
Nieuw onderzoek, onverhoopte 
praktijkervaring, kan leiden tot nieuwe 
inzichten en verbeteringen. Lessen op basis 
van een gebeurtenis zijn alleen zinvol als 
deze beschouwd worden in het licht van alle 
mogelijke gebeurtenissen en de 
waarschijnlijkheid hiervan.  
 
De auteur hoopt met de ontwikkelde kennis 
een bijdrage te leveren aan een uitvoerbare, 
oplossingsgerichte, organisatorische 
voorbereiding op overstromingen in een 
complexe omgeving van een deltagebied.  
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1. Verticaal evacueren is voor Nederland een betere basisstrategie dan 
preventief evacueren  
 
2. Voor de Nederlandse delta is, in geval van een dreigende 
overstroming, snel beslissen over evacueren effectiever voor 
slachtofferreductie dan extra tijd besteden aan beter afstemmen en 
verdere detaillering van plannen.  
 
3. De evacuatiefractie (verwachtingswaarde van het percentage van 
inwoners in een gebied dat voor de dijkdoorbraak dit gebied kan 
verlaten) is een prima basis voor een resultaat-eis voor 
organisatorische voorbereiding op overstromingen.  
 
4. De organisatiestructuur van de veiligheidsregio is nu niet ingericht om 
te adviseren over evacueren omdat de voordelen, in geval dat de 
overstroming optreedt zoals gepland, worden overbelicht en de 
nadelen worden onderbelicht.  
 
5. Een ideale crisisorganisatie voor dreigende grootschalige 
overstromingen heeft één nationaal team wat beslist, één team wat 
hen adviseert en vervolgens organisaties en mensen die deze 
beslissingen uitvoeren. De vele regionale teams en overleggen in de 
huidige praktijk verlagen de effectiviteit van evacuatie en vergroten 
kosten. 
 
6. Netcentrisch werken zonder idee hoe betere informatie leidt tot betere 
beslissingen (waarbij beter is gerelateerd aan een daling van 
verwachte aantal slachtoffers) is zinloos, het zal dan eerder leiden tot 
uitstel van beslissingen en een focus op informatievergaring in plaats 
van maatregelen. 
 
7. De overheid is goed in het stellen van meetbare eisen aan andere 
actoren behalve voor zichzelf.  
 
8. De trits ontwerpen, plannen, trainen, beslissen en uitvoeren bij 
evacueren heeft veel overeenkomsten met het proces bij een 
voetbalteam dat tot doel heeft het kampioenschap te winnen. 
 
9. Begrippen als “rampenbeheersing op orde”, “dryproof”, “doorbraakvrije 
dijk” of “waterrobuust” geven een suggestieve belofte van absolute 
veiligheid.  
 
10. Een lage risicoperceptie voor overstromingen van burgers in 
Nederland is een luxe probleem. Dit luxe probleem is het gevolg van 
de succesvolle bescherming tegen overstroming door de overheid.  
 
 
 
Deze stellingen worden verdedigbaar geacht en zijn als zodanig 
goedgekeurd door de promotoren, 
Prof. dr. I. Helsloot 
Prof. dr. ir. M. Kok 
